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>> ANNOUNCEMENT 44 


The Journal of the National Cancer Institute will be published monthly 
starting with the current issue, Volume 17, Number 1, July, 1956. There- 
after, two volumes of six issues each will appear, beginning with Number 1 
in July and January of every year. 


This change of schedule, after 16 years of bimonthly publication, has 
been made to increase the publication outlet for investigators engaged in 
cancer research. Papers on basic research, clinical investigations, statis- 
tical studies, and critical reviews in cancer are invited. 


The Journal may be purchased from the Superintendent of Documents, 
U. S. Government Printing Office, Washington 25,D.C. Subscription prices 
per year for two volumes are as follows: United States, Canada, and 
Mexico—$20.00; Foreign—$25.00; Single issues—$2.00 each. 
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Experiments on an Ascites Hepatoma. 
III. The Conversion of Mouse Hepa- 
tomas into the Ascites Form’ 


Harvo Sarto," Morris BELKIN, and Epwarp 
Essner, Laboratory of Chemical Pharmacology, Na- 
tional Cancer Institute,‘ Bethesda, Maryland 


Malignant cells differ widely in their ability to survive when suspended 
in the fluid of the peritoneal cavity. Indeed, the production of a true 
ascites tumor is by no means always a simple task. Thus, for example, 
Klein (1,2) could convert only 12 out of 42 solid tumors into the ascites 
form. Six tumors were converted immediately and 6 others gradually, by 
successive transfers of the peritoneal exudate, while the remaining 30 
tumors failed to transform into ascites tumors. Similarly, Yoshida (3), 
in reviewing the work of the Japanese group on the ascites hepatoma of 
the rat, indicated that of a total of 61 histologically malignant hepatomas, 
56 failed to “take” upon intraperitoneal transplantation. Of the five 
tumor ‘‘takes’” only three were immediately convertible into the ascites 
form, and further attempts yielded only two successful ascites hepatomas. 

The question as to why some tumors convert immediately into an ascites 
form, while others do so only gradually or not at all, is in turn related to 
fundamental problems of selection and adaptation and to the degree to 
which tumor cells in a given population differ physiologically from one 
another. Thus far, the results of Klein indicate that the ability of a 
tumor to convert into an ascites form is due in part to a rapid growth 
rate and/or high degree of anaplasia and, what is perhaps more important, 
to a process of selection of cells possessing a predilection for growth in the 
ascites form (4,5). 

The question of the possible relation between anaplasia and the pro- 
duction of ascites tumors was also raised by Sato and Aruji (6) and by 
Aruji (7) in their studies on the ascites hepatoma of the rat, but no clear- 
cut correlations appeared to exist. 

In the present study, the role of anaplasia as a factor in ascites-tumor 
formation was investigated in hepatomas of the mouse, most of which 
had undergone relatively few animal passages. A description of two 
solid mouse hepatomas successfully established as ascites tumors, and two 
ascites-tumor sublines which arose by an interesting alteration in one of 


1 Received for publication February 1, 1956. 

2 Visiting Scientist, National Cancer Institute. 

3 Present address: Department of Pathology, Fukushima Medical College, Fukushima City, Japan. 
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2 SATO, BELKIN, AND ESSNER 

these tumor ascites, is presented. The histology of the original tumors and 
of the ascites-tumor lines reconverted into solid form, the distribution of 
the chromosome number, and survival curves of the tumor-bearing mice 
are presented. Based upon these data, the problem of the relation of 
anaplasia to the ability of tumors to grow in the ascites form is discussed. 


Material and Methods 


Each of the 16 mouse hepatomas * used in the present study was induced 
in C3H mice by administration of carbon tetrachloride or 4-0-tolylazo-o- 
toluidine® and then carried subcutaneously through several generations 
prior to intraperitoneal inoculation. The technique for conversion of these 
solid hepatomas into ascites tumors was essentially similar to that de- 
scribed for rat hepatomas (6). The solid tumor was removed under sterile 
conditions and forced through a tissue press containing a metal disk in the 
form of a fine sieve, and the resulting mash was suspended in physiologic 
saline. About 0.1 to 0.2 cc. of tumor mash was then inoculated intra- 
peritoneally into mice (C3H/HeN) weighing about 20 gm. 

Routine transplantation of the tumor ascites and withdrawal of ascites 
for purposes of examination were performed with the use of sterile glass 
pipettes as described previously (8). 

Sections of solid tumors and of other tissues were fixed in Zenker-formol 
and stained with hematoxylin and eosin. Samples of the free-cell tumor 
ascites were examined on air-dried, Giemsa-stained smears. Samples of 
tumor ascites containing islands were mixed with an equal volume of 1 to 
2 percent aceto-orcein (dissolved in 50% acetic acid) and stored in 
glass vials at room temperature. For chromosome study, the tumor cells 
and tumor islands were pretreated by immersion in 0.5 percent NaCl 
for 15 minutes prior to the addition of aceto-orcein. 


Results 


The results of the present series of experiments on the conversion of solid 
hepatomas into the ascitic form are shown in table 1. Hepatomas 134 
and 129 (in group A) were converted into island ascites tumors in the first 
intraperitoneal transplantation. Hepatomas 129(P) and 129(F), which 
are free-cell ascites hepatomas, are two sublines derived from hepatoma 
129 after its establishment as an island ascites tumor. In five other hepa- 
tomas (group B) intraperitoneal inoculation resulted not in ascites-tumor 
growth but only in the production of solid-tumor tissue together with a 
quantity of ascitic fluid. In some cases this ascitic fluid contained a small 
number of tumor islands but, while further intraperitoneal transplantation 
(2 to 4 generations) continued to stimulate exudate formation in the inocu- 
lated mice, this did not result in the formation of ascites tumors. In 
seven other hepatomas (group C), the tumors grew intraperitoneally only 
in solid form and failed to convert into ascites tumors. Two tumors of 


§ We wish to thank Dr. H. B. Andervont and Dr. A. J. Dalton for supplying the mouse hepatomas used in 
this study. 


¢ Old name: o-aminoazotoluene. 


Journal of the National Cancer Institute 








wa OS 


nm 


ASCITIC CONVERSION OF MOUSE HEPATOMAS 3 


this group, hepatomas 123 and 138, grew only upon subcutaneous trans- 
plantation. The last two hepatomas (120 and 121) failed to grow in any 
form upon either intraperitoneal or subcutaneous transplantation. Thus, 
from these 16 hepatomas, 2 strains, and 2 sublines from 1 of these strains, 
were established as true ascites tumors, and these have now been carried 
by transfer of the tumor ascites from 60 through more than 90 generations. 


TABLE 1.—Conversion of mouse hepatomas into ascites form 





























| Growth of tumors upon | 
| intraperitoneal trans- | Approxi- Seeneer of 
‘ r plantation mate sur- | 4 
Group | No. viwel tee a 
In ascites In solid | (days) _—eneaeeneas 
form form 

134 +* + | 4t 90 

A 129 +* - 17¢ 60 

129(P) + + 17+ 90 

129(F) + + 80 

122 —t + | 120 2 

128 —f + 90 1 

B 136 —} + | 120 1 

140 —} + 60 2 

147 —t + | 30-50 4 

101 _ a | 90 2 

108 _ =. 120 1 

118 — + 120 1 

( 119 = + 150 1 

123 - —§ | 180 1 

130 _ + | 120 1 

138 - —§ | 80 2 

120 _ — | — 1 

D 121 — - — 1 








*Immediate conversion into ascites form. 

tFifty percent survival. 

tA few islands or clumps of tumor cells appeared in peritoneal fluid. 
§Tumors inoculated subcutaneously, grew as solid tumors. 


Mouse ascites hepatoma 134.—Hepatoma 134, obtained from Dr. H. B. 
Andervont, originated as an induced liver tumor in a C3H female mouse 
following administration of carbon tetrachloride (9) and had been carried 
subcutaneously for three generations. For the initial intraperitoneal 
transplantation, a 42-day-old solid tumor was used as described above. 
Two days after inoculation into five mice, the volume of ascitic fluid in 
each mouse had increased slightly and appeared as a very thick, white 
suspension of single tumor cells (fig. 9) and many small tumor-cell ag- 
gregates or “islands” (figs. 13 to 16). Some islands were round in shape 
while others consisted of several cells linked together to form chains (figs. 
14 and 15). While the size of such islands was small when observed a 
few days after transplantation, much larger aggregates were formed dur- 
ing the next several days of development. Mitotic figures, while not 
abundant in the early generations, could nevertheless be detected on 
Giemsa-stained smears in both free cells and cell islands. Thereafter, 
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the ascitic fluid increased in amount daily, swelling of the abdomen be- 
came apparent, and the number of tumor cells and tumor islands in- 
creased. Eight days after inoculation, the original white, milky ascites 
had become hemorrhagic, and this condition persisted to the end. Mi- 
croscopically, at 8 days the smallest unit consisted of 2 cells, whereas the 
larger islands contained 50 to 60 or more cells. The majority of tumor 
cells measured about 20 to 40 » in diameter, but often giant cells measur- 
ing 50 to 70 uw in diameter with 1, 2, or more nuclei were observed. 

Upon establishment in the peritoneal cavity, serial intraperitoneal 
transplantation with the tumor ascites was initiated; this tumor is now 
in the 90th transplant generation. 

The amount of tumor ascites ordinarily used for each inoculation was 
about 0.05 ec. The mice died with 3 to 5 cc. of tumor ascites, exhibiting 
tumor invasion to various tissues in the peritoneal cavity, 7.e., portal 
area, omentum, retroperitoneum, and mesentery. In addition, many 
small, white nodules were visible on the peritoneal surface. A charac- 
teristic of this ascites hepatoma was its ability to invade the diaphragm; 
tumor cells which had penetrated through the diaphragm and into the 
pleural cavity were often observed proliferating in the pleural fluid. 

Mouse ascites hepatoma 129.—Hepatoma 129, obtained from Dr. A. J. 
Dalton, originated in Dr. Andervont’s laboratory as an induced liver 
tumor in a C3H male mouse after administration of carbon tetrachloride 
(9) and had been carried subcutaneously through 25 passages. This 
tumor had been converted into the ascites form by Dalton and Felix, 
who also observed the formation of hepatoma islands.’ 

In the present experiments a 17-day-old solid tumor was used for in- 
traperitoneal transplantation into each of 5 mice. A few days after 
transplantation, the ascitic fluid appeared as a thin, slightly hemorrhagic 
suspension containing many floating cell islands (figs. 11 and 12) visible 
to the naked eye. The majority of these islands were considerably 
larger than those of hepatoma 134, even after the latter had attained 
their maximum size. 

Many islands contained more than 100 cells. Cell size was similar to 
that of hepatoma 134 and the ascites similarly contained large (giant) 
cells. Following intraperitoneal transplantation with the tumor ascites, 
mice died with the development of an extremely hemorrhagic ascites ac- 
companied by tumor invasion to various sites in the peritoneal cavity, 
similar to hepatoma 134, i.e., portal area, peritoneal surface, omentum, 
retroperitoneum, and mesentery. In addition, invasion of the diaphragm 
was a marked and consistent feature. The intrapleural proliferation of 
tumor cells which had penetrated the diaphragm, as well as a few cases 
of metastases to the liver and kidney, were also observed. 

Mouse ascites hepatoma 129(P).—In the course of the serial intra- 
peritoneal transplantation of the island ascites hepatoma 129, one female 
C3H mouse out of a group of five, in the third transplant generation, 
exhibited an unusually long survival time. Thus, while the other 4 mice 


’ Personal communication. 
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died within a typical period of 18 to 28 days, this mouse survived for 50 
days. At autopsy, just after death, a solid tumor (2 X 2 cm.) was 
observed on the abdominal wall, together with heavy tumor invasion to 
the omentum, mesentery, retroperitoneum, portal area, and diaphragm. 
In addition, however, a quantity of fluid was present in both the perito- 
neal and pleural cavities. The fluid of the pleural cavity was actually 
a very thick, milky white suspension not only of many islands but also 
of free tumor cells. With this pleural fluid, intraperitoneal transplanta- 
tion into new mice was begun and, after several days, a free-cell ascites 
hepatoma developed (fig. 10). Although a few islands could still be 
found in the ascites, most of these were small complexes as shown in 
figures 17 to 20 and in no way compared with the enormous islands which 
marked the ascites of hepatoma 129 from which it had originated. The 
nature of the tumor ascites had also changed, for, whereas the fluid of 
the original island ascites (129) was thin and hemorrhagic, the ascites of 
the new, free-cell subline, was thick and milky white, even in the end 
stage of tumor growth. This subline, 129(P), has been carried intra- 
peritoneally through more than 90 generations and the characteristics 
described have thus far remained unchanged. 

At the time this free-cell hepatoma, 129(P), developed, it was observed 
that the majority of these cells reacted in a different fashion when stained 
with Giemsa. A thin, pink-stained layer appeared fringing the blue- 
stained cytoplasm. Cytochemical tests for glycogen and other poly- 
saccharides (with periodic acid-Schiff reagent) and for lipide (with Sudan 
black) were negative in this particular zone. In addition a number of 
other dyes, i.e., neutral red, acetic orcein, etc., gave no observable indica- 
tion of any change in this peripheral zone. The meaning of this obser- 
vation is not apparent, although it may be inferred that these changes 
in the peripheral zone of the cytoplasm, appearing concomitantly with 
the transformation into a free-cell condition, indicate certain changes in 
the cell surface that took place at this time. 

Mouse ascites hepatoma 129(F).—As described above, mouse ascites 
hepatoma 129 was an ascites tumor composed of very large islands. In 
the early experiments, a few free tumor cells were sometimes observed 
in the ascites but, except for the unexpected change in one mouse which 
led to the development of hepatoma 129(P) in the third generation, the 
original tumor line remained in an island form for about 30 subsequent 
generations (a time interval of about 10 months). 

Following this, difficulties were experienced in obtaining an adequate 
supply of pure strain C3H mice; consequently, for several generations 
noninbred C3H mice had to be used for inoculation. Intraperitoneal 
transplantation during this period did not result in 100 percent tumor 
“takes’’ as had been the case with the use of inbred mice. During this 
period, between the 35th and the 40th transfer generations, a change 
occurred in the tumor islands in all the mice used for inoculation. An 
increase in free tumor cells was observed with a concomitant decrease in 
the number of tumor islands to a point where they disappeared almost 
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entirely from the ascites. It should be noted, however, that this change 
to a free-cell condition, once initiated, progressed gradually through 
several generations, during which time the tumor ascites was a mixture 
of free cells and tumor islands. When the tumor ascites finally emerged 
as a free-cell tumor, it appeared to be almost identical with the first 
subline, hepatoma 129(P). 

Recently, we attempted again to convert solid hepatoma 129 into the 
ascites form. This conversion resulted in a thin, hemorrhagic exudate 
containing tumor islands, the appearance of which was similar to that 
obtained in the first conversion of this tumor. Likewise, this tumor line 
could be carried by serial intraperitoneal transplantation. 

At the seventh generation, however, the tumor islands of several, but 
not all, of the inoculated mice again changed rather abruptly into a 
mixture of islands and many free cells. 

Nonconvertible hepatomas.—Of the mouse hepatomas which could not 
be established as ascites tumors, it appeared that some might have been 
capable of conversion had the tumor ascites been passed through several 
further generations. For example, hepatoma 147 (9), inoculated intra- 
peritoneally, required a longer time to “take” (30 to 50 days), but a number 
of tumor islands similar to those of hepatoma 129 were always observed 
floating in the ascites. This tumor ascites was transferred through four 
generations and then discontinued. In mouse hepatomas 140 and 122, 
hemorrhagic ascites and some tumor islands could be found 2 and 4 
months, respectively, after intraperitoneal inoculation. However, these 
tumors, as well as the other hepatomas which failed to convert, might 
not ha¥e been carried a sufficient length of time to provide evidence of 
their transformation into ascites tumors. 

The question of factors concerned in determining whether the inoculated 
tumor cells can proliferate in the ascitic fluid has been discussed by Klein, 
who has indicated that transformation into the ascites form occurred only 
with rapidly growing tumors (2). The present data appear to agree 
with this conclusion. Thus, only hepatomas 134 and 129, which were 
relatively fast-growing tumors, could be established in the ascites form. 
Relatively slow-growing tumors, such as hepatoma 147 and others, 
failed to convert within the limited terms of the experiments. However, 
the work of Klein on the “gradual transformation’ of tumors indi- 
cates that some of these might have converted had the intraperitoneal 
passages been continued (4). 

Survival time of mice bearing ascites hepatomas.—Changes in rapidity of 
growth of newly established tumors upon successive transplantation have 
been observed by numerous workers. Thus, for example, Andervont 
and Dunn have noted the ability of mouse hepatomas to grow faster after 
the first few transplant generations (10). In the case of the Yoshida 
sarcoma, however, the percentage of tumor “takes” even in the earliest 
generations remained high, and successive transfers did not appear to 
increase the growth speed of the tumor. Yoshida has interpreted these 
results to indicate that, from the time of its inception, the malignancy 
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of this tumor, as measured by transplantability, has remained essentially 
unchanged. 

In studying the growth speed and transplantability of a tumor, consider- 
ation must also be given to both the tumor and the strain of animal used. 
If the animals are not of a pure, inbred strain, then susceptibility of such 
animals to a tumor should be considered before the growth capacity of the 
tumor cells is determined. It is also clear that the use of pure-strain 
animals does not always ensure a high percentage of transplantability. 
Thus, in the transplantation of mouse hepatomas, the inability of grafts 
from primary tumors to “take,” even when inoculated into pure-strain 
animals, has been observed (10). 

The conversion of solid tumors into a fluid form obviously involves 
an environmental change of some consequence, and we were interested 
in establishing two points: first, whether the “immediate’”’ conversion 
into ascites form would preclude the possibility of further changes in the 
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TEXT-FIGURE 1.—Survival curve of mice intraperitoneally transplanted with ascites 
hepatoma 134. 


growth potential of the tumor as measured by transplantability; second, 
the percentage of ascites “takes,” as compared with the takes of solid 
hepatomas, that would be obtained with the use of pure-strain animals 
in both cases. 

The survival curves of three ascites hepatomas, 134, 129, and 129(P), 
are shown in text-figures 1 to 3. To illustrate the results more clearly, 
we first examined the survival data in each generation to determine at 
what point the obvious changes in survival time occurred. Then the 
survival curves were grouped together for simplicity at points where 
changes in survival time were most apparent. These data fall into three 
groups: (a) one through five or seven generations, (6) several subsequent 
generations, and (c) a group containing a large number of mice which 
were transplanted at one time, several generations after each tumor line 
had become definitely established. 


Vol. 17, No. 1, July 1956 








S SATO, BELKIN, AND ESSNER 


In each ascites tumor, continued intraperitoneal passage resulted in 
a decrease in survival time. The survival time of 50 percent of the animals 
is at present about 14 days in hepatoma 134 and about 17 days in both 
hepatomas 129 and 129(P). Despite such alterations in survival times, 
100 percent ‘‘takes’” were obtained almost immediately in each of the 
tumors used. At present, all three ascites hepatomas “take” 100 percent 
when inoculated intraperitoneally into C3H/HeN mice. One may con- 
sider the decrease in survival time as a sign of the increase in malignancy 
of the tumor cells or as the result of the selection, over a period of time, 
of those cells best capable of growth in the ascites form. The possibility 
also exists that the malignancy of the tumor cells is essentially unchanged 
but that such cells, placed in a new environment, require a period of 
time for further adaptation. 
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TreEXT-FIGURE 2.—Survival curve of mice intraperitoneally transplanted with ascites 
hepatoma 129. 


Histologic problems.—We were interested in studying the histologic 
sections of these mouse hepatomas to determine whether any morphologic 
differences were discernible between the tumors which were successfully 
converted into the ascites form and those which failed to grow in a fluid 
condition. 

In reviewing the hepatomas used in our experiments, the histologic 
patterns of the tumors appeared as “well-differentiated” hepatomas as 
shown in figure 1. Hepatoma 123 failed to grow in the ascites form. 
Figures 3 and 4 illustrate areas of hepatoma 129, a tumor which was 
successfully and immediately converted into an ascites tumor. Although 
differences are apparent between the pictured areas of these 2 tumors, 
a careful study of many sections of hepatoma 129 and all the noncon- 
vertible hepatomas revealed no consistent differences by which these 
could be distinguished from each other. All such tumors reproduced the 
architecture of the liver parenchyma and were recognized as hepatomas. 
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Nevertheless, some morphologic differences were suggested when a 
number of sections from each tumor were compared. Thus, for example, 
in the unconverted tumors the sinusoidal space between the parenchymal 
tumor cells appeared much wider and more regular. Also, in hepatoma 
134 (fig. 2) the histologic pattern appeared to be more anaplastic, i.e., 
the cordlike arrangement of tumor cells was smaller and more irregular 
than that of hepatoma 123 and the liver architecture was not so clearly 
reproduced. 

Although in general the microscopic examination of these parent 
tumors failed to reveal any consistent differences between the successfully 
converted tumors and those which were unsuccessful, some interesting 
changes were observed, particularly in the case of hepatoma 129(P). 
As described above, this hepatoma was separated as a subline from a 
mouse bearing hepatoma 129. This mouse survived an unusually long 
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TEXT-FIGURE 3.—Survival curve of mice intraperitoneally transplanted with ascites 
hepatoma 129(P). 


period of time during which the islands of the ascites were largely re- 
placed by a population of single cells. When the animal died, the solid- 
tumor tissue which had invaded the diaphragm, peritoneal surface, 
omentum, mesentery, and portal areas was examined. In addition to 
those areas, which resembled in structure the original tumor (129), a 
proliferation of fusiform cells was also observed. Figures 5, 7, and 8 
show several portions of ascites hepatoma 129(P) reconverted into solid 
form subcutaneously; in figure 8, the appearance of a sarcoma-like archi- 
tecture is particularly evident. In figure 6, the same tumor is shown 
invading the diaphragm. This change in histologic pattern appeared to 
be correlated with the alteration from island to free-cell growth. Similar 
changes were also observed in the histologic pattern of ascites hepatoma 
129(F), which was separated as a second subline from hepatoma 129 
after the 40th generation. Here again, a histologic section of the ascites 
tumor reconverted into solid form reveals areas resembling well-differ- 
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entiated hepatoma, as well as relatively more anaplastic areas and a 
sarcoma-like structure composed of fusiform cells. 

The mode of the chromosome. number—Chromosome studies were 
carried out using a hypotonic method. About 1 cc. each of 5-day-old 
ascites from hepatomas 134, 129(F), and 129(P) were mixed with twice 
the volume of 0.2 to 0.5 percent saline. After 5 to 15 minutes, 1 percent 
aceto-orcein was added. The chromosomes were well spread and their 
number and shape readily determined (figs. 21 to 26). 

For a systematic study of chromosome number, the ascites used were 
those of the 50th generation in hepatoma 134, the 40th in hepatoma 
129(P), and the 48th in hepatoma 129(F). In each tumor 100 metaphase 
plates were examined. Results of the chromosome counts are shown in 
text-figure 4. In all three strains the range of chromosome numbers was 
essentially similar, and about 10 percent of the mitotic plates possessed a 
near-tetraploid number of chromosomes. Special attention was paid to 
the appearance of the shape of chromosomes in the nuclear plates ex- 
amined. In both hepatoma 129(F) and hepatoma 129(P) all of the 
chromosomes were in the shape of long or short rods, while in hepatoma 
134 a few nuclear plates containing one or two V-shaped chromosomes 
were also observed occasionally. 
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TEXT-FIGURE 4.—Histogram showing mode of the chromosome number in ascites 
hepatomas. 


Discussion 


In studies on the conversion of rat hepatomas into the ascites form, it 
was observed that not all of the primary liver tumors could be transformed 
into the ascites form (11,3). Some grew only as solid masses in the peri- 
toneal cavity and failed to develop into a true ascites tumor. During 
the limited terms of the present experiments, similar results were obtained. 
In several cases the formation of tumor islands in the ascites was observed 
but these later disappeared and a true ascites tumor failed to develop. 
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However, in view of Klein’s recent findings (4) a small number of tumor 
islands might have produced an ascites tumor had the peritoneal 
exudate been carried through sufficiently long-continued serial passage. 

In the successfully converted tumors, it appeared that the rapidity of 
growth of the parent tumor influenced the development of ascites tumors, 
for both hepatoma 129 and hepatoma 134 were relatively fast-growing 
tumors. Anaplasia, however, did not seem to be a factor in ascites-tumor 
formation. Indeed, hepatoma 129 and, to a somewhat lesser degree, 
hepatoma 134 were well-organized tumors but, despite this fact, both were 
converted immediately into the ascites form. 

Most ascites tumors grow essentially in a free-cell condition, but cells 
of the ascites hepatomas of the rat and mouse clearly maintain their 
epithelial nature to a larger extent. In view of this, the free-cell ascites- 
hepatoma sublines which arose spontaneously in the ascites of hepatoma 
129 were studied. Two possibilities as to their origin are immediately 
apparent: 1) the free-cell population was present but masked within the 
islands of hepatoma 129 or 2) the cells of the tumor islands themselves 
underwent some type of alteration which led to the free-cell condition. 

A comparison of the histologic sections of hepatoma 129 with those of 
the free-cell sublines reconverted into solid form suggests only that the 
free-cell tumors appear to be less differentiated than the original tumor. 
Although occasional sarcoma-like areas were detected, most areas in the 


section studied indicated that the tumor was still essentially epithelial 
in nature. 


Summary 


1) Attempts to convert 16 mouse hepatomas into the ascites form have 
been described. Two of these 16 gave rise immediately to island ascites 
tumors, while the remaining hepatomas either failed to grow or produced 
solid-tumor tissue following intraperitoneal inoculation. 

2) From the island ascites tumor of one such hepatoma, two free-cell 
sublines were derived. 

3) The survival times of both ascites hepatomas and of a single subline 
decreased after serial transplantation but the percentage of ‘‘takes” was 
100 throughout the course of transplantation. 

4) Histologic inspection failed to reveal any correlation between ana- 
plasia of the hepatomas and the ability to form ascites tumors. The 
two ascites-hepatoma sublines, when reconverted into solid form, appeared 
to be less differentiated than the island hepatoma from which they had 
originated. In addition, some areas possessed a sarcoma-like appearance, 
but in general the tumors retained epithelial characteristics. 

5) The modes of the chromosome numbers in one ascites hepatoma and 
two sublines was essentially similar, and about 10 percent of the mitotic 
plates possessed a near-tetraploid number of chromosomes. 

6) Growth speed of the hepatomas appeared to be an important factor 
in their ability to form ascites tumors. 
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7) The role of anaplasia and growth speed of hepatomas in the forma- 
tion of ascites tumors is discussed. Possibilities as to the nature of the 
change from an island ascites tumor to a free-cell condition are suggested. 
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PLaTE 1 


FicurE 1.—Hepatoma 123. Hepatoma which failed to convert into ascites form. 
Arrangement of cells and cytologic characteristics closely resemble normal liver. 
Hematoxylin and eosin. X 300 


FicurE 2.—Hepatoma 134. Converted into ascites form in the first intraperitoneal 
transplantation. Individual cells resemble those of normal liver, but cordlike 
arrangement of cells is less evident than in hepatoma 123. Hematoxylin and 
eosin. X 100 


FicurRE 3.—Hepatoma 129. Shown invading the tissue surrounding pancreas. Cells 
of this tumor resemble liver cells but are arranged in nests rather than cords. Hema- 
toxylin and eosin. XX 100 


FicgurRE 4.—Hepatoma 129, original tumor. Also converted into ascites form in the 
first intraperitoneal transplantation. Individual cells have characteristics of liver 
cells, but the arrangement in nodules, separated by fine connective-tissue bands, 
does not resemble the normal liver-cell arrangement. Hematoxylin and eosin. 
x 300 
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PLATE 2 
Ascites hepatoma 129(P) growing in solid form 


Figure 5.—Subcutaneous. An area similar to original tumor (hepatoma 129), but 
cells appear smaller and more deeply stained. Hematoxylin and eosin. X 300 


Figure 6.—Invasion into diaphragm. Cells are rounded, invading muscle, and 
resemble anaplastic carcinoma. Hematoxylin and eosin. 300 


FIGURE 7.—Subcutaneous. Cells showing tendency toward fusiform structure. 
Hematoxylin and eosin. < 300 


FIGURE 8.—Subcutaneous. Cells more obviously fusiform and resemble sarcoma. 
Hematoxylin and eosin. 300 
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PLATE 3 


FiGuRE 9.— Mouse ascites hepatoma 134. Smear from a thick, milky ascites showing 


area of single tumor cells. Giemsa. 500 
Figure 10.—Mouse ascites hepatoma 129(P). Free-cell subline derived from islands 
of ascites hepatoma 129. Giemsa. X 500 
FicurE 11.—Mouse ascites hepatoma 129. Island ascites hepatoma. Aceto-orcein. 
60 


FiGuRE 12.—Mouse ascites hepatoma 129, An island composed of about 100 tumor 
cells. Aceto-orcein. 200 
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PLATE 4 
Mouse ascites hepatoma 134 
Ficvures 13 To 16.—Various types of small aggregates of tumor cells observed 2 days 


after intraperitoneal inoculation of material from solid hepatoma 134. Giemsa. 
x 800 


Mouse ascites hepatoma 129(P) 


Ficures 17 to 20.—Various types of small aggregates of tumor cells derived from intra- 
peritoneal inoculation of solid hepatoma 129. Compare with size of islands in 
figures 11 and 12. Giemsa. > 800 
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PiaTe 5 
Chromosome plates in ascites hepatoma 134 


Figure 21.—Nuclear plate with near-diploid number of chromosomes. Chromosome 
number, about 43. Aceto-orcein squash. X 1,500 


Figure 22.—Nuclear plate with near-diploid number of chromosomes. Chromosome 
number, about 46. Aceto-oreein squash. X 1,500 


Figure 23.—Nuclear plate with near-tetraploid number of chromosomes. Chromo- 
some number, about 105. Aceto-orcein squash. X 1,200 


Chromosome plates in ascites hepatoma 129(P) 


Figure 24.—Nuclear plate with near-diploid number of chromosomes. Chromosome 
number, about 45. Aceto-orcein squash. XX 1,500 


Figure 25.—Nuclear plate with near-diploid number of chromosomes. Chromosome 
number, about 45. Aceto-orcein squash. X 1,500 


Ficure 26.—Nuclear plate with near-tetraploid number of chromosomes. Chromo- 
some number, about 91. Aceto-oreein squash. X 1,500 
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The Role of Graft and Host Vessels in 
the Vascularization of Grafts of Nor- 
mal and Neoplastic Tissue ' 


Ruta M. Merwin and Guenn H. A cire, Na- 
tional Cancer Institute,’ Bethesda, Maryland 


Observations on the vascularization of isografts * of normal and neo- 
plastic tissues are reported in this paper. Studies were made primarily 
on grafts of small fragments of thyroid or mammary adenocarcinoma 
tissue placed in transparent chambers in the skin of mice. Three prob- 
lems in particular were considered. 

First, observations were made on the vessels that survived in grafts of 
normal tissues. Although most authors have recognized that these ves- 
sels survive, almost all have assumed that only the vessels of the hosts are 
active in establishing connections between graft and host vessels. How- 
ever, in a report preliminary to the present paper (/) and in a paper by 
Williams (2) it was pointed out that the vessels in the grafts may also be 
active. 

Second, since new findings were made concerning the surviving vessels 
in grafts of normal tissue, it seemed pertinent to make further observations 
on the vessels in grafts of tumor tissue. Previous evidence indicated that 
the vessels in tumor tissue do not even survive. It was found here, how- 
ever, that some vessels may survive in some tumor grafts, although these 
surviving vessels do not seem to form new vessels. 

Third, the effect of grafts of normal and neoplastic tissue on adjacent 
host vessels was studied. The main finding confirms previous reports in 
the literature (3,4) that grafts of tumor tissue stimulate the proliferation 
of host vessels more than do grafts of normal tissue. 


Materials and Methods 


A transparent-chamber method (5) and a modification of it (6) were 
used to observe the vascularization of grafts in living mice. In the original 
method the skin is held up continuously in a double-layered flap along the 
middorsal line. An incision is made in one layer of skin which exposes 
a considerable area of the inside surface of the other layer. A graft is 
embedded in the exposed layer and a glass disc, inserted through the inci- 


' Received for publication February 2, 1956. 

? National Institutes of Health, Public Health Service, U. 8. Department of Health, Education, and Welfare. 

3 Isografts are grafts between animals of the same inbred strain. Homografts are grafts between animals of 
the same species but not the same inbred strain. 
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sion, covers the graft and the entire exposed area (see text-fig. 1). In the 
modified method the skin is allowed to return to its normal position so that 
the incision and glass window are on one side of the mouse and the graft 
is on the other side about 7 mm. from the midline. In order to observe 
the graft through the window, the skin is temporarily held up in a dorsal 
flap. The time and manner of vascularization of grafts was the same 
whichever method was used. Although the second method was easier, 
photographic records were difficult to obtain and microscopic observations 
were limited to the use of a stereoscopic microscope at a magnification 
of 90. 
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TEXT-FIGURE 1.—Diagram of a section through a transparent chamber in the dorsal 
skin flap of a mouse to show the relationship of the skin to the chamber and to 
show the position of grafts. The nerves, which in this area of the skin run ventro- 
dorsally in the subpannicular layer of connective tissue, are seen in cross section. 
Graft A is embedded in the connective tissue close to the striated muscle layer, 
the panniculus carnosus. Graft B is embedded close to a nerve and as far as pos- 
sible from the muscle layer. 


Grafts were embedded in the subpannicular layer of connective tissue, 
which is avascular except for the vessels that accompany nerves. In 
previous work in this laboratory each graft was placed like graft A, text- 
figure 1, so that vascular connections were established between the vessels 
of the graft and those of the host muscle layer. The area in which the 
connections formed could be seen only by focusing through the graft. To 
avoid having to focus through the graft, most of the implants in the present 
experiments were placed like graft B, so that vascular connections were 
established between the vessels of the graft and those of a host nerve. 
The placing of grafts in this manner did not seem to injure the host vessels. 

The diameter of grafts in the plane of the windows ranged from 0.5 to 
1.5 mm., but the thickness of the grafts was considerably less than this. 
Such small grafts survived whether or not they became vascularized. 

A graft was considered vascularized when blood from the host was found 
in vessels within the graft, regardless of whether the blood was circulating 
or whether the vessels were provided by the host or by the graft. The 
vessel sprouts referred to in this paper are canalized. The solid threads of 
endothelium, which precede the canalized sprouts in the formation of new 
vessels, could not be seen with the methods used. 
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Observations were made on 25 grafts of a mammary adenocarcinoma, 
C3HBA (7), placed adjacent to nerves and on 35 similarly placed grafts of 
thyroid tissue from either adult mice or young mice less than 3 days old. 
For comparative purposes observations were made not only on other grafts 
placed at different sites or placed in previously injured areas but also on 
sprouts growing from vessels in cut nerves. 

Mice of the C3H/HeN strain (8) were used. The hosts in each of the 
experimental groups ranged in age from 2 to 5 months. The age of the 
host seemed to have no effect on the vascularization of grafts. 

In order to maintain the temperature of the skin in the area of the trans- 
parent chamber, where the skin was pulled up away from the body and 
where the hair had been removed, the mice were placed in an incubator at 
a temperature of 30° C. The mice with modified chambers were also 
placed in an incubator. 


Observations and Results 
Grafts of Thyroid Tissue 


Most grafts of thyroid tissue were vascularized if the grafts were not over 
50 » from the vessels of the host nerves. Almost none were vascularized, 
however, if the grafts were more than 50 u from the host vessels. Twenty- 
five grafts of thyroid tissue from young mice | to 3 days old were placed 
approximately 50 u or less from host vessels. Within 1, 2, 3, and 4 days 
after grafting 3, 39, 58, and 65 percent, respectively, were vascularized. 
Of 10 grafts of adult thyroid tissue only 2, that is 20 percent, were vas- 
cularized within 4 days. These 2 were vascularized on the 3rd day. 
Vascular connections between the vessels of the grafts and those of the 
hosts were established by many short vessels. The origin of these vessels 
was not evident by direct observation because all the connections were 
completed when the vessels were first seen and, in this immediate area, no 
sprouts grew from either the graft or the host vessels. 

The vessels of the host nerves in the vicinity of the grafts produced no 
sprouts, but some vessels became slightly dilated and convoluted. The 
vessels in grafts, on the other hand, produced many sprouts, although 
none grew on the side of the grafts where the connecting vessels formed. 
Graft vessels and their sprouts were visible even before the grafts were 
vascularized because they contained donor blood. This donor blood 
seemed to enter the sprouts as soon as they became canalized. During the 
first day after grafting, no sprouts formed. During the second day, a few 
sprouts grew from the vessels in some grafts of young thyroid tissue. 
Some of these sprouts were 140 » long. Not until the third day did any 
sprouts grow from vessels in grafts of adult tissue. After grafts were 
vascularized the sprouts that had already formed continued to grow but no 
new ones appeared. 

Almost none of these sprouts joined the vessels of the adjacent host 
nerves because all the sprouts grew parallel to the nerves. No sprouts 
emerged from the sides of the grafts either toward or away from the nerves 
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(see fig. 1). The cells and fibers of the host connective tissue around the 
nerves were oriented parallel to the nerves, as were the fibrils of fibrin 
that formed in the area around grafts. If two grafts were placed on the 
same side of a nerve and within a few millimeters of each other, sprouts 
arising from the two grafts and growing parallel to the nerve anastomosed 
with each other. The pattern of outgrowth of sprouts was different for 
grafts placed at other sites. For instance, grafts placed far from nerves, 
although similarly embedded in the same layer of connective tissue, 
produced only a few short sprouts. These sprouts grew in a circular path 
close to the edge of the grafts. 

Although nonvascularized grafts of thyroid tissue that were adjacent 
to the vessels in nerves rarely affected the host vessels, similar grafts 
that were close to the muscle layer, like graft A in text-figure 1, caused 
rich networks of host vessels to develop after a few weeks. These networks 
in the host muscle layer could be seen by focusing through the grafts. 
Sprouts never grew toward the grafts from such networks. The cells 
and fibers of the intervening connective tissue were oriented in a plane 
parallel to the muscle layer, and apparently new sprouts could not grow 
at right angles to this plane. 

A few observations made on grafts of other glandular tissues, such as 
harderian gland and salivary gland, indicated that the vascular changes 
in both the grafts and hosts were similar to those for grafts of thyroid 
tissue. 


Grafts of Tumor Tissue 


Grafts of tumor tissue placed close to the vessels of nerves caused a 
rich network of new vessels to form (see fig. 2). This is in striking con- 
trast with the reaction of host vessels to grafts of thyroid tissue. The 
first sprouts appeared on the third day, at which time some seemed to 
penetrate the tumor grafts a short distance. Within 1, 2, 3, and 4 days, 
respectively, 0, 8, 52, and 80 percent of the 25 grafts placed adjacent 
to nerves were vascularized. During the next few days the sprouts from 
the hosts produced a rich network of vessels throughout the grafts. 

In most of the grafts from large tumors, the graft vessels did not seem 
to survive, whereas in many of the grafts from small tumors they did. The 
vessels of the grafts could not be seen until they became filled with host 
blood because no donor blood remained in them. During the first few 
days after vascularization, the surviving vessels of the grafts, which were 
engorged with host blood, extended far beyond the rich network of invad- 
ing host vessels (see fig. 2). Surviving vessels in grafts of tumor tissue 
did not produce sprouts. At least, none were seen before the vessels in 
the grafts were obscured by the vessels growing from the hosts. 

A few observations made on grafts of other rapid-growing adenocar- 
cinomas and sarcomas indicated that the host reaction was similar to 
that described for the C3HBA adenocarcinoma. 

The vascularization of grafts of tumor tissue was delayed when implants 
were so placed that more connective tissue than usual was left between 
the vessels of the grafts and those of the hosts. Within a day or two after 
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grafting, the nearby vessels became dilated and host leukocytes began 
to accumulate around the grafts. This reaction, which increased until 
the grafts became vascularized, may have been due to the growth of tumor 
grafts, for these grafts grew even before they were vascularized. Most of 
the grafts of the size used in these studies were vascularized by 10 days, 
even when placed far from host vessels. New sprouts from the vessels 
of the hosts grew from all sides into the areas of cellular reaction and into 
the grafts. 


Formation of Sprouts in Injured Areas and Vascularization of Grafts 
Placed in Injured Areas 


After nerves were cut, canalized sprouts were seen growing from the 
ends of the cut vessels of the nerves on the third day at the earliest. 
New vessels growing from the cut vessels and anastomosing with nearby 
vessels also appeared at 3 days. If a nerve was cut and 5 days later it 
was cut again, a few sprouts were seen in 1 or 2 days. 

To see whether grafts placed in previously injured areas would be 
vascularized sooner than those placed in normal areas, 15 grafts of tumor 
tissue were implanted on previously injured beds. These grafts were 
vascularized 1 or 2 days earlier, on the average, than grafts on normal 
beds, but they did not seem to become well-defined masses of tissue with 
good circulation throughout any sooner. Eight grafts of young thyroid 
tissue and eight grafts of adult thyroid tissue were placed close to where 
sprouts were growing from vessels in previously injured nerves. Some 
grafts were vascularized in 1 or 2 days and some were never vascularized. 
The time of vascularization seemed to depend mainly on the distance 
between the graft and the host vessels. Sprouts did not grow from the 
vessels in these grafts any sooner than from the vessels in grafts placed 
on normal beds. 


Discussion 


Graft Vessels 


The original vessels in grafts of thyroid tissue survived and produced 
sprouts, whereas the vessels in grafts of tumor tissue survived only in 
some grafts and did not produce sprouts. 

Vessels in grafts of normal tissues—Most accounts in the literature 
assign the active role in the establishment of connections between graft 
and host vessels to the vessels of the host alone. This is true whether 
these accounts are based on studies of histologic sections or on studies of 
grafts observed in transparent chambers. It is clear from the observa- 
tions reported here and from those of Williams (2) that the vessels in 
grafts of normal tissue may produce an abundance of sprouts. Although, 
under the conditions of the present experiments, these sprouts were not 
effective in establishing connections with host vessels, it seems likely that 
they would be effective if the grafts were placed somewhere other than 
in a layer of avascular connective tissue. 

That the vessels growing into connective tissue are oriented in their 
growth like the cells and fibers. of the connective tissue has long been 
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recognized (9). In the present study the orientation of the elements 
within the connective tissue seemed also to determine the sides of the 
grafts from which the sprouts could arise. No sprouts grew on the sides 
of the grafts toward or away from the nerves. They grew only where, 
as they emerged from the surface of the grafts, they could immediately 
grow parallel to the direction in which the cells of the connective tissue 
were oriented. Surprisingly, vessels connecting the vessels of the grafts 
with those of the hosts formed on the sides of the grafts toward the nerves 
where no sprouts were seen. This suggests that solid threads of endothe- 
lium, the first stage in the formation of new sprouts, can grow where 
canalized sprouts cannot form. It suggests further that the solid threads 
forming at this site will not canalize unless they come in contact with 
other vessels. 

Vessels in grafts of tumor tissue.—Some of the vessels in grafts of the 
C3HBA mammary adenocarcinoma survived, but they did not produce 
sprouts. This is similar to a finding of Browning on the survival of the 
vessels in tumor homografts placed in the anterior chamber of the eyes 
of mice (10). However, he did not observe similar survival of vessels in 
tumor isografts. 

Relatively anoxic conditions were no doubt created by the growth of 
tumors without vascularization. Such anoxia, although it did not prevent 
the tumors from growing, may have prevented most vessels from surviv- 
ing and may have prevented any surviving ones from forming sprouts. 


Host Vessels 


No sprouts grew from host vessels adjacent to grafts of normal tissue, 
whereas a rich network of sprouts grew from vessels adjacent to grafts of 
tumor tissue. A similar difference between normal and neoplastic tissues 
in their capacity to stimulate the growth of host vessels has been reported 
previously by Ide, Baker, and Warren (3) and by Algire and Chalkley (4). 
Not all tumors, however, stimulate host vessels. Williams (1/1) and 
Greene (12) have found tumors that do not cause new host vessels to form. 
Also, in this laboratory lymphoma #2 (13) was observed to spread out into 
a layer over the chamber area without affecting the host vessels. Only 
after the layer of lymphoma cells became relatively thick did new vessels 
grow from the host. 

The capacity of grafts to alter the surrounding connective tissue so 
sprouts can penetrate it may be either qualitatively or quantitatively 
different from the capacity to cause new vessels to grow. Nonvascularized 
thyroid grafts caused rich networks of vessels to develop in the muscle 
layer adjacent to them, but no sprouts grew from the networks toward 
the grafts. Presumably sprouts did not grow because the connective 
tissue was not altered and the original orientation of the connective-tissue 
elements prevented growth except parallel to the plane of the muscle 
layer. Perhaps the reason thyroid grafts caused networks of vessels to 
form in the muscle layer but not in adjacent nerves is that the connective 
tissue around the nerve vessels is so oriented that there is no direction in 
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which the new vessels can grow. Cogan (14) found that an injury in the 
corneal tissue had little effect on nearby vessels unless the intervening 
corneal tissue had first been altered. Tumor tissue, it was found in the 
present observations, unlike the thyroid tissue, caused new sprouts to 
grow from host vessels regardless of the original orientation of the 
connective-tissue elements. 


Interval before Sprouts Formed 


An interval of 3 days elapsed after stimulation of vessels before canalized 
sprouts or new vessels, anastomosing with other vessels, were formed. 
This held true whether the vessels were in grafts, in cut nerves, or near 
grafts of tumor tissue. In a previous paper from this laboratory (4), it 
was stated that new vessels did not form until the 6th day after wounds 
were made in the fat and muscle layers of the skin. Although it was re- 
ported that the number of vessels increased during the 3rd to 5th days, 
this increase was attributed to the opening of collateral vessels. It 
seems probable, however, that this reported increase was in part due to 
the formation of new vessels, since, according to the present observations, 
some new vessels formed in 3 days. New vessels are easier to detect in 
cut nerves than in wounds in the muscle and fat layers because so few 
vessels are originally present in the nerves. 

Three days is, in the present study, the shortest interval after stimula- 
tion before sprouts form. It is also the interval usually reported in the 
literature (15). Yet Williams (2) found that the vessels in a graft of 
omentum placed in a transparent chamber in the ear of a rabbit produced 
new canalized vessels or sprouts in 1 or 2 days, as did the vessels of the 
host bed. Such a short interval before new sprouts formed was observed 
in the present study only when the vessels were in an area that had been 
injured previously and that was presumably hyperplastic. However, 
Williams states that the bed on which the omental grafts were placed 
was stable. Therefore, it was presumably not hyperplastic. The 
shortness of the interval before both graft and host vessels produced 
new sprouts might be due to the condition of the connective tissue; or 
it might be due to the closeness of the vessels of the graft to those of the 
host, for in the present observations on thyroid grafts placed less than 
50 » from host vessels, the connecting vessels formed in some cases before 
sprouts grew from the graft vessels. 

Sprouts grew from the vessels in grafts of young tissue sooner than from 
the vessels in grafts of adult tissue. The endothelium of the young tissue 
may have been more active. On the other hand, perhaps the young tissue 
altered the host connective tissue more than did adult tissue so that the 
sprouts could grow more rapidly. 


Summary and Conclusions 


The role of the graft and host vessels in the vascularization of grafts 
of thyroid and of mammary adenocarcinoma tissue was studied. Micro- 
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scopic observations were made on grafts placed in transparent chambers 
in the skin of mice. 

The original vessels in grafts of thyroid tissue survived and provided 
most of the vessels of the grafts. These surviving vessels also were 
probably active in establishing connections between graft and host 
vessels. In tumor grafts, only a few of the original vessels survived 
and these vessels produced no new sprouts. 

The host vessels adjacent to grafts of thyroid tissue seemed to remain 
unchanged and to contribute little to the vascularization of the grafts. 
On the contrary, the host vessels adjacent to grafts of tumor tissue pro- 
duced, in each case, a rich network of vessels which provided almost all 
the vessels for the tumor graft. These findings confirm previous reports 
in the literature that grafts of tumor tissue may stimulate host vessels 
more than do grafts of normal tissue. 

The vascularization of grafts of thyroid tissue was greatly affected 
by the original orientation of the elements of the host connective tissue. 
This orientation determined where vessel sprouts could arise and in what 
direction they could grow. 
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PLATE 6 


Figure 1.—Graft of thyroid tissue from a mouse 1 day old, 6 days after grafting. 
No sprouts arise from the sides of the graft toward or away from the nerve. The 
position of the nerve is indicated by the large vein (marked by an arrow) that 
accompanies the nerve. All the sprouts growing from the vessels of the graft are 
parallel to the host nerve. The connecting vessels are out of focus. After the 
circulation in the graft became more rapid the vessels, which are here engorged with 
host blood, became narrower. X 100 


Figure 2.—Piece of mammary adenocarcinoma tissue 4 days after transplantation. 
An unvascularized area of the graft is marked by along arrow. The vessels marked 
by short arrows are graft vessels that survived and were engorged with host blood 
on the 2nd day. A rich network of vessels can be seen growing from the vessels in 
the host nerve. X 50 
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The Influence of Sex on Isologous Skin 
Grafting in the Mouse ' 


RicHMoND T. PREHN and Joan M. Matnn,? National 
Cancer Institute,’ Bethesda, Maryland 


The report of Eichwald (1) that isologous (i.e., within one inbred 
strain) skin grafts were often rejected if the donor was male and the 
recipient female led us to investigate whether or not our own animals 
would exhibit a similar phenomenon. 

Four strains were available for investigation: BALB/cAn, C3H/He, 
C57BL, and DBA/2. The animals varied from 3 to 6 months of age. 
Males were paired with females of the same strain, and skin grafts were 
exchanged between the members of each pair. The method of grafting 
(full thickness 2 & 3 cm.) has been described (2). The results are shown 
in table 1. 


TABLE 1.—Results of reciprocal skin grafts between male and female mice* 





| oe graft, 2 recipient | Q graft, @ recipient 











Strain | 
| No. takes | No. mice | No. takes | No. mice 

| 
NG oc ine. ce casiscmace nies es | 11 12 9 | 10 
| Se pte errs ee 9 9 9 9 
IG sare cu naaCiesiciae ma palalwery ‘ 8 5 5 
MD a ale s.cle serene s pens a tiein nec 0 6 7 7 

| 





*“‘Take’’ means a healed graft with hair growth 5 weeks after grafting. Mice which died prior to that are not 
reported. 


It is apparent that our C57BL mice exhibited the same rejection of 
male grafts by female recipients as did the C57BL mice of Eichwald. The 
other three strains (which were not investigated by him) did not behave 
in this manner. In these three strains (BALB/cAn, DBA/2, and C3H/He) 
the sex of donor and recipient did not appear to influence tissue trans- 
plantation. 

Since it appears probable that the sex influence is due to a hitherto 
undetected antigenic histocompatibility locus on the “y’’ chromosome, 


! Received for publication March 2, 1956. 
3 With the technical assistance of Mr. Earl Waters. 
3 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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it should be possible to show a “second-set effect’’—/.e., second-set grafts 
of male skin on female mice should be destroyed at an accelerated rate 
as the result of acquired immunity in the female recipients. Eichwald 
has already demonstrated such an effect (3). Thus, the “second-set 
effect” might be a method of demonstrating antigens too weak to be ob- 
served by primary grafting alone. 

Therefore, the strain BALB/cAn mice previously mentioned (both male 
and female) were treated as follows, 5 weeks after grafting: The growing 
graft from the donor of opposite sex was carefully and completely excised 
and replaced with a graft from a new donor of the same sex as the recipient. 
The animals were, by this means, “rested’”’ for 2 weeks, during which time 
they were exposed only to skin grafts obtained from donors of their own 
sex. Each of the mice was then regrafted a third time with a fresh graft, 
this time taken from a new BALB/cAn strain donor of the opposite sex 
from the recipient. The animals were observed for 3 months. All of 
these grafts were successful (grafts on 10 female and 12 male recipients). 
Thus, an attempt to immunize the female mice against the males did not 
reveal an antigenic histocompatibility locus on the “y’’ chromosome in 
mice of the BALB/cAn strain. 

It is concluded that the effect of sex on isologous skin grafts, while 
strong in strain C57BL, is relatively weak or actually lacking in strain 
BALB/cAn, C3H/He, and DBA/2. 
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Quantitative Studies on the Multipli- 
cation of Neoplastic Cells in Vivo. III. 
Metabolic Stability of Deoxypentose 
Nucleic Acid and the Use of Labeled 
Tumor Cells for the Measurement of 
Growth Curves *’ 


LAszt6 Révész, ARNE ForssBerc, and GEORGE 
KxeEIN,® Institute for Cell Research and Genetics and 
Institute of Radiophysics, Karolinska Institutet, 
Stockholm, Sweden 


A high degree of metabolic stability is often attributed to deoxypentose 
nucleic acid (DNA), at least in lower organisms (1). This implies that 
synthesis of DNA occurs only as preparation for cell division and there 
is no replacement of DNA in the resting cell. Cell division results in an 
equal partition of DNA between both daughter cells. By measuring the 
decrease of radioactivity in the DNA fraction of cells labeled prior to 
inoculation it was therefore possible to follow the growth curve of certain 
microorganisms. In higher organisms stability of DNA is more contro- 
versial (2-4), although results have been presented that favor a similar 
concept (5,6). 

As pointed out by Hogness ef al. (7), it is rather difficult to find mam- 
malian systems that are favorable for such studies. Ascites tumors may 
represent an exception, however. Some long-established lines, such as 
the Ehrlich ascites tumor, consist of one major cell type and can be 
conveniently labeled with isotopes; furthermore all tumor cells are exposed 
in a similar fashion to the changes in the environmental conditions during 
the growth cycle. 

Besides being a favorable system for studies on the stability of nucleic 
acids and proteins, there was another reason to undertake the present 
study on an ascites tumor; it concerns the general problem of measuring 
the growth of various experimental tumors. With solid tumors, this 
presents great difficulties (8) and is usually indirect and subject to various 
errors. The number of tumors convertible to the ascites form is limited 
and, among the convertible ones; there are several that do not grow 
exclusively in the free-cell form but include cell complexes. A number of 
established ascites tumors also infiltrate various solid tissues of the host 
to a large extent. Many difficulties might be circumvented by a method 
of isotope dilution, and an attempt was therefore made to devise experi- 
ments to test the extent to which such methods might be reliable. An- 
other approach was made in a similar direction by Schleich and Wrba (9). 
These authors measured the total activity of P*-labeled ascites-tumor 





' Received for publication February 21, 1956. 
? This work was supported by grants from the Swedish Cancer Society and the Wallenberg Foundatiun. 
3 Our sincere thanks are due to Miss G. Dreyfus and Mrs. U. Bogren-Sundwall for valuable technical assistance. 
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cells at various times after inoculation and compared it to the calculated 
cell number of the inoculated animals. Although their data show a cer- 
tain rough parallelism between tumor growth and isotope dilution, it is 
not possible to draw any conclusions about the reliability of the method 
because of the indirect nature of the growth measurement and the lack of 
data on the distribution of radioactivity in DNA and other cell fractions. 
The present study is an attempt to measure isotope dilution after the 
inoculation of C-labeled Ehrlich ascites-tumor cells and to compare it to 
the curve of tumor-cell multiplication, determined by an independent 
quantitative method. The activity of various biochemical fractions was 
determined as a function of time after inoculation and correlated with the 
total number of free tumor cells in the peritoneal cavity. 


Materials and Methods 


Mice.—Heterozygous male mice of a body weight of 20 to 25 gm. 
were used for all experiments. They were kept on a standard pellet diet 
which, along with drinking water, was available ad libitum at all times. 

Tumor.—The tetraploid line of the Ehrlich ascites tumor (10) was used. 
Routinely, it was kept by transfer of 0.2 ml. of ascitic fluid 7 to 10 days 
after the previous inoculation. 

Labeled compounds.—Glycine-2-C™ and adenine-8-C™ were used, both 
with a specific activity of about 1 mC per mM delivered from The Radio- 
chemical Centre, Amersham, England. They were dissolved and admin- 
istered in saline at pH 7.0. 

Labeling of ascites-tumor cells—Small groups of mice (between 4 and 
8 animals) were inoculated intraperitoneally with 2 million Ehrlich ascites- 
tumor cells. Labeled glycine or adenine was administered intraperitone- 
ally after the 5th or 6th day following inoculation. The injections were 
repeated at regular intervals in the course of the following 2 days in doses 
of 1 uC in 0.1 ml. saline until a total dose of 5 wC was given. The animals 
were sacrificed 1 to 2 days after the last injection and their ascites was 
collected in ice-cold tubes and pooled. One aliquot was used to deter- 
mine the concentration of cells in a Buerker hemocytometer. A second 
aliquot was subsequently diluted with Krebs-Ringer’s-phosphate (con- 
taining 0.25% gelatin to prevent destructive swelling), and a total of 
20 X 10° cells were injected intraperitoneally in volumes of 0.2 ml. into 
each of a group of 80 mice. This corresponds to 17.2 < 10° tumor cells 
on an average (1/0). Simultaneously, a third aliquot was used for deter- 
minations of radioactivity as described below. 

After the inoculation of the labeled ascites, between 10 and 20 mice 
were sacrificed daily from the 2nd until the 7th day. Larger numbers 
were used at the earlier than at the later stages in order to secure a suffi- 
cient quantity of ascitic fluid. The fluids of 6 or 15 mice were pooled 
and centrifuged and the radioactivity of the sediment and the super- 
natant were determined separately and expressed per unit of wet weight. 
The sediment was further assayed with regard to the activity of acid- 
soluble compounds, pentose nucleic acid (PNA), and DNA purines and, 
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in the case of glycine administration, proteins. Preparation and measure- 
ment of radioactivity were carried out in the same way as in a previous 
study (11). Simultaneously, the total ascitic fluid of four mice was 
collected quantitatively by rinsing with saline, and the total number 
of cells and the percentage of tumor cells were determined as described 
previously (10). 

Results 


Four series of experiments were carried out and the results are sum- 
marized in table 1. Glycine was used as the precursor in two and adenine 
in the remaining two. In both glycine series and in the first adenine series 
the inoculated cells were not washed, while in the second adenine series 
the cells were washed two times with physiologic NaCl, centrifuged at 
1,500 X g for 10 minutes, and resuspended in saline after each washing. 
The latter experiment gave results somewhat different from those obtained 
with unwashed cells and they will therefore be presented separately. 

The data obtained with unwashed cells appear in text-figure 1. Tumor 
cells, 17.2 X 10°, were inoculated and the resulting growth curve is 
shown. To facilitate comparison with the growth curve, the specific 
activity of the nucleic acids and proteins was brought to the same scale 
by plotting the inverted values of specific activity against time after 
inoculation on a logarithmic scale where all initial values were taken as 
equal to 1. It will be seen that there is close agreement between the 
actual growth curve and the dilution of specific activity of DNA. In 
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TEXxT-FIGURE 1.—Total number of free tumor cells and inverted specific activity of 
DNA, PNA, and proteins as a function of time after inoculation. All values were 
brought to a common scale (lefi) by taking the values corresponding to the inoculum 
as equal to 1. The three series glycine I, glycine II, and adenine I were utilized. 
Curves are drawn through the geometric mean of the values from the different 
series, each value representing a pool of ascites from 4 to 15 mice. The range of 
the values is indicated. The right scale shows the number of generations. 
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contrast, the curves calculated from the specific activity of PNA and 
protein deviate considerably from the growth curve—the latter to a larger 
extent than the former. The deviation increases progressively in the 
course of time in the case of the proteins, while with PNA there is only an 
initial deviation, occurring sometimes between the collection of the labeled 
cells for inoculation and the 2nd day of their subsequent growth in the 
new host. After the latter point of time, the PNA curve parallels 
closely both the growth curve and DNA. This is also apparent from the 
ratios of the specific activities of PNA and DNA (table 2). In the mate- 
rial used for inoculation, the value of this ratio was close to unity in all 
four experiments. In contrast, the samples collected during the subse- 
quent tumor growth were consistently characterized by a lower value, 
which varied between comparatively narrow limits. 

The data obtained with the washed cells (series adenine II) are shown 
in text-figure 2. In this case there was no close correspondence between 
the growth curve and the specific activities of either PNA or DNA, and 
the nucleic acids showed activities that were consistently lower than 
expected. 
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TEXT-FIGURE 2.—The same as text-figure 1 for the series adenine II. 


TABLE 2.—Ratios of the specific activities of PNA: DNA in the inoculum and at various 
times after inoculation* 




















Inoculum Dege 
after , : | . , 
: Glycine I | Glycine II | Adenine I |Adenine II 
Series Dose — | 
10n 

Glycine I 1.11 2 0.60 | 0.69 0. 56 0. 72 
Glycine II 0. 97 3 0. 81 | 0. 69 0. 58 0. 69 
Adenine I 0. 95 4 — — 0. 64 0. 93 
Adenine II 1.01 5 0.79 +| «0.80 0. 59 0. 78 
| 6 0.87 | 091 0. 52 0. 81 
| 7 073 | — 0. 60 0. 75 
Mean 1. 01 0.76 | 0.77 0. 58 0. 78 

















*Mean and standard error of all four experiments: 0.720.025. 
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To illustrate the variability between the different individual experi- 
ments and to compare the data with the hypothetical expectation of 
nucleic-acid stability, the products of specific activity and total cell 
number are given as a function of time for the various compounds in 
text-figures 3 to 5. The value of the product at zero time was taken as 
equal to 100, and the subsequent experimental points thus show the devi- 
ation in percent from the value expected in the hypothetical case of 
stability. With DNA (text-fig. 3), the mean of the three experiments 
with nonwashed cells shows only minor random variations around the 
expected constant product and does not deviate by more than + 10 percent. 
This is only true about the mean; individual experimental values may 
vary up to 40 percent. The experiment with washed cells (adenine II) 
shows consistently low activity values. Corresponding curves for PNA 
(text-fig. 4) and protein (text-fig. 5) show initial fall followed by relative 
constancy of the product in the former case and a progressive fall of about 
15 to 20 percent daily in the latter. The experiment with washed cells 
shows consistently low activities, even in the case of PNA. 

Since the proteins contain the major part of radioactivity in the glycine 
series, it might be expected that the total cell activity would be determined 
primarily by the behavior of the proteins and would decrease with time 
more than can be expected from the cell multiplication rate. This was 
actually the case as shown in text-figure 6. In contrast, total cell activity 
in the adenine series is determined primarily by the nucleic acids and, 
therefore, shows a closer correspondence with the growth curve of the 
tumor cells. 
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TEXT-FIGURE 3.—Products of total number of free tumor cells and specific activity 
of DNA fraction. The initial value is taken as equal to 100. 
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TEXT-FIGURE 4.—Products of total number of free tumor cells and specific activity 
of the PNA fraction. The initial value is taken as equal to 100. 


Although activity is being lost from the proteins in the glycine series, 
the released isotope does not seem to be available for the synthesis of 
nucleic acids in any appreciable amount, since otherwise it would coun- 
teract the stability of the latter and would bring about progressively 
increasing specific activity during the later stages of growth. The pro- 
portion of radioactivity present in the acid-soluble fraction of the tumor 
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TEXT-FIGURE 5.—Products of total number of free tumor cells and specific activity 
of the protein fraction. The initial value is taken as equal to 100. 
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TEXT-FIGURE 6.—Total number of free tumor cells and their activity per wet weight 
in the two glycine series and in the series adenine I, respectively. The data have 
been treated in the same way as in text-figure 1. The specific activity of the 
protein fraction in the glycine series is also shown for comparison. 


cells and in the ascitic supernatant was consistently low, of the order of 
a few percent (table 1). In the glycine series, these fractions neverthe- 
less showed a somewhat higher proportion of activity than in the ade- 


nine series. This may be correlated with the above-mentioned loss of 
activity from protein in the former. 


Discussion 


The results of the present study favor the concept of a metabolically 
static state of deoxypentose nucleic acid in ascites-tumor cells. This is 
indicated by the close parallelism between the growth curve of labeled 
tumor cells in the peritoneal fluid and the geometric dilution of the spe- 
cific activity in their DNA fraction. Such a concept implies that there 
is no breakdown of DNA between two cell divisions and that the original 
DNA molecules are divided equally between the daughter cells at each 
mitosis. Similar results were obtained by Hershey with Escherichia coli 
(1) and by Fujisawa and Sibatani (6) and Barton (5) with regenerating 
rat liver, but the results are at variance with the interpretation of Stevens 
et al. (3) of their experiments performed on intestinal mucosa and liver 
and with the studies of Barnum (4) on a transplanted mammary carcinoma. 

The behavior of PNA presents a somewhat different picture. About 
30 percent of activity is lost from this fraction during the time that 
elapses between inoculation and the first assay of activity 2 days later. 
Subsequently, the activity remains constant in the PNA fraction of the 
entire ascites system, however. This is reflected by the constant ratio 
between the specific activities of PNA and DNA and by the parallelism 
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between the growth curve and the inverted activity of PNA per cell. 
The initial loss could be interpreted in different ways. It is known that 
different cell fractions, such as nuclear and cytoplasmic fractions, are 
characterized by very different rates for incorporation of various isotopes 
into PNA (12). It is conceivable that some cell fraction, having a high 
turnover of PNA, is responsible for the initial loss of activity, while other 
fractions may be characterized by a high stability similar to that of DNA. 
Alternatively, there might be an initial loss of PNA molecules from the 
cells; Ledoux and Revell (13) found a decrease of the intracellular PNA 
content during the growth of the Landschiitz ascites tumor. 

It is of interest that the ratio of the specific activities of PNA:DNA 
remained constant during the entire growth period (with the exception 
of the first 2 days) and that the numerical value of this ratio did not 
depend on the nature of the precursor (glycine or adenine). In con- 
trast to these findings, great differences were observed in the incorpora- 
tion rate of adenine and glycine into PNA versus DNA in normal liver 
and other largely nondividing tissues. The differences were less or none 
when using rapidly growing tissues (14). 

Deviating results were obtained in an experiment where washed cells 
were used for inoculation. The activity of both nucleic acids was con- 
sistently lower than could be expected on the basis of the growth curve. 
This is most probably explained as being due to an irreversible damage 
inflicted upon a certain proportion of tumor cells by washing, in con- 
formity with the findings of Craigie (15) on the harmful effects of ‘‘physi- 
ologic”’ salt solutions upon populations of ascites-tumor cells. Presum- 
ably, the damaged cells could not participate in the continued growth 
of the tumor, and the size of the effective inoculum may have been smaller 
than the actual cell count. This would result in a higher isotope dilu- 
tion than expected from the cell number. Assuming that this is the true 
mechanism, the data in text-figure 2 indicate that approximately 38 per- 
cent of the inoculated cells were lethally damaged. The fact that the 
growth curve does not differ appreciably from that of the unwashed inoc- 
ulum (cf. text-fig. 1) does not invalidate this conclusion, since, due to 
the convergence of growth curves with different inoculums (10), initial 
differences of this order tend to level out rapidly and would probably 
not be detectable by the present methods. 

The protein analyses indicated that the tumor cells are gradually losing 
activity from their proteins and at a higher rate than could be expected 
from the growth curve. This could be interpreted as evidence for a re- 
newal of protein molecules, provided that increasing contamination with 
nonradioactive protein particles can be excluded. Such contamination 
does not seem to be impossible in view of the increasing protein content of 
the ascitic supernatant in the course of tumor growth (13) and the usually 
increasing erythrocyte content of ascites tumors. If the loss of activity 
in the protein fraction were due exclusively to contamination, however, a 
similar loss might be expected to occur in total cellular activity since the 
latter is primarily determined by the voluminous protein fraction. The 
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adenine series is of critical importance in this respect since the cellular 
proteins themselves are not labeled. An examination of text-figure 6 
shows that total cellular activity falls in the glycine series in a manner 
similar to that of protein activity (as could be expected), while in the 
adenine series it is in rather good agreement with the growth curve of the 
tumor cells. The existing deviation may be interpreted as indicating the 
extent of contamination with inactive protein material. Since this devi- 
ation appears to be small, it may be concluded that the progressive loss of 
activity from the protein fraction in the glycine series cannot be accounted 
for by contamination and must represent a real exchange reaction. A 
similar result was obtained by Greenlees and LePage (16) on other mouse 
tumors. In microorganismal systems no renewal of proteins was found 
apart from synthesis in connection with cell division (7,17). It remains to 
be seen whether this difference is due to a difference in the nature of the 
biological material or in the labeled compound administered (S**-sulfate 
and C"-lactate with E. coli, C'-glycine in the present study) .‘ 

The question arises as to what extent isotope-dilution methods can be 
used to measure the growth curve of tumor cells. It would appear that 
rather reliable growth curves can be obtained with the Ehrlich ascites 
tumor, using either C-labeled adenine or glycine as a_ tracer 
and measuring the specific activity of DNA as a function of time after 
inoculation. PNA would give a less correct picture and protein activity 
or total cell activity would be even less useful. It has to be pointed out 
that the present conclusions are valid only for the case of the untreated 
tumor. After treatment by radiation or chemotherapeutics, where part 
of the population is killed or damaged, isotope dilution may be upset by 
the incorporation of activity released from dead cells into the survivors. 
Studies in progress with artificial mixtures of labeled, lethally damaged, 
and unlabeled living cells indicate that such released activity is indeed 
utilized to a great extent by the cells that finally emerge in the treated 
tumor. 

Summary 


Ehrlich ascites-tumor cells labeled in vivo with glycine-2-C* and adenine- 
8-C" were inoculated intraperitoneally in known numbers. The subse- 
quent increase in the number of free tumor cells and the decrease of the 
specific activity of the PNA, DNA, and protein fractions were determined 
at regular intervals. The inverted specific activity of DNA was in close 
agreement with the growth curve. This is in conformity with the as- 
sumption that DNA is metabolically stable and is synthesized only in 
relation to cell division. Its synthesis would involve a simple doubling, 
followed by equal subdivision between the daughter cells. PNA showed 
slightly different behavior: there was an initial loss of activity in excess 
of what could be expected from the growth curve. This loss occurred 

4 Preliminary experiments indicate that proteins labeled with S*s-methionine do not lose activity during the 
growth of the tetraploid Ehrlich ascites tumor used in the experiments described in this paper. The case is dif- 
ferent for a hyperdiploid Ehrlich line. With this neoplasm activity is lost from S*‘-methionine-labeled proteins 
to a considerable extent during the first 3 days after inoculation, while C'4-adenine-labeled DNA is stable. This 


shows that different results may be obtained with different precursors and with different tumor lines of similar 
(perbsps common) origin. 
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during the first 2 days of growth; during the later stages PNA showed 
a behavior similar to the DNA fraction. The proteins showed a pro- 
gressive loss of activity as compared to the dilution expected from the 
growth curve. The results indicate that dilution of the specific activity 
of the DNA fraction of labeled tumor cells might be used to measure 
cell multiplication in the untreated Ehrlich ascites tumor. 


(8) 


(9) 


(10) 


(11) 
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A Method of Freeze-Drying and Its Use 
in Histochemistry and Pathology ' 


M. S. Burstone, National Institute of Dental Re- 
search,’ Bethesda, Maryland 


During the past few years there has been renewed interest in freezing 
and drying for histologic and histochemical purposes. There is no doubt 
that under optimal conditions frozen-dried tissues exhibit excellent 
cytologic characteristics and do not show shrinkage artefacts so commonly 
seen with aqueous fixatives. Moreover, freezing and drying often 
represents the most desirable and in some cases the only type of “‘fixation’’ 
for enzyme histochemistry. 

Despite these advantages, freezing and drying has not found widespread 
use for a number of reasons. One common belief is that only very small 
pieces of tissue (1 mm. thick or less) may be successfully frozen and dried 
without serious disruption of the architecture at the histologic level. 
This would seriously limit its use in histopathology where larger pieces of 
tissue should be used for adequate orientation. It also has been claimed 
that frozen-dried tissue is extremely hygroscopic and therefore must be 
embedded in the same vacuum chamber in which it has been dried. 
This factor would also tend to complicate the processing of any volume of 
tissue. In addition, many freezing and drying apparatuses utilize liquid- 
nitrogen traps and refrigeration which may require careful attention. 

The present paper deals with the presentation of a system of freezing 
and drying which: 

1) Will handle thick (5 mm.) slices of tissue in volumes adequate for 
a surgical pathology laboratory. 

2) Will insure rapid handling and embedding of tissues. 

3) Is capable of continuous operation over a period of weeks or months. 


Design of the Freezing and Drying Apparatus 


The freezing and drying apparatus, which has been in constant use in 
this laboratory for 2 years, is partly based upon the system developed 
by Gersh (1). It contains an electrically refrigerated chamber * using 
a low-temperature expansion valve for Freon-22, and a single stage 
¥ h.p. condensing unit * (fig. 1). A thermostatic control enables a temper- 

1 Received for publication February 24, 1956. 


2 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
3 Refrigerator made by Haskris Co., Chicago, Ml. 
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ature adjustment of —20 to —40° C. with no more than +1° C. variation 
at any setting. The refrigerated box (fig. 1A) is permanently mounted on 
a stand which contains the compressor unit and vacuum pump (fig. 1B). 

Two types of drying tubes are used (fig. 3 and text-fig. 1). Each 
has about a foot of usable space for tissue specimens. The first type is a 
simple tube about 2 inches in diameter (fig. 3A and text-fig. 1A), with a 
sidearm connection which is attached to the phosphorus-pentoxide 
manifold (fig. 3B and text-fig. 1B). The second type of drying tube is 
simpler in that the side arm contains the phosphorus-pentoxide manifold 
(fig. 3D and text-fig. 1D), and thus may be connected directly to a vacuum 





















INSULATION 





DRYING TUBE 



































COPPER WELL 





























COMPRESSOR UNIT 
AND 
VACUUM PUMP 


TEXT-FIGURS 1.—Sectional view of refrigerated chamber and drying tubes. 


pump. This tube may be installed in a deep freeze (capable of —28 to 
—30° C.) and thus constitutes the basis of a highly efficient freeze-dry 
system. 

Each phosphorus-pentoxide manifold is fitted with a 2 mm. bore stop- 
cock (fig. 3E). Although these are not absolutely necessary (provided 
that some means of bleeding air into the system is furnished), they are 
useful for attaching a vacuum gauge for periodic checks. 
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A large-bore 10 mm. stopcock (fig. 1C) is used to isolate the right and 
left sides of the machine. With the two sides isolated it was possible to 
connect another vacuum pump to one half of the system through stopcock 
D (fig. 1). This made possible an accurate comparison of drying rates in 
each side of the machine under different vacuums. 

The Pirani gauge, figure 1E, though not absolutely necessary, is useful 
in observing the rate of evacuation of the system. It should be remem- 
bered that this type of gauge measures water vapor and thus is of little 
use when the system is filled with fresh tissue. The most versatile and 
least expensive gauge is the tilting McLeod gauge. During operation a 
vacuum of 10-* to 10-* mm. Hg is used, and a temperature of —30° C. 
Although a vacuum within this range can be obtained with a good mechan- 
ical pump, great care must be taken in making hose connections and in 
sealing glass stoppers. Therefore it is recommended that a small oil 
diffusion pump be included. Statements to the effect that a diffusion 
pump is unnecessary may be misleading. Even though the requisite 
vacuum may be obtained with a good mechanical pump, continued 
operation of the system may result in slight contamination of the oil, 
imperceptible leaks in glass to rubber joints, or wear of vacuum stop- 
cocks. Any of these factors may be difficult to correct, especially if many 
rubber connections are present. 

Although the path of water molecules between the specimen and trap 
is greater than that of certain other freeze-dry systems, this does not 
appreciably increase the drying time. Therefore, it would appear that 
the mean free path of water molecules may be of secondary significance in 
the drying of small amounts of tissue. 

Recent work has shown that the drying tissue itself offers the major 
resistance to water molecules, and for this reason the distance between 
the tissue and the trap need not be critical (2). Although the mean free 
path of a molecule of water at 10-* mm. Hg is 5 cm., distances up to 20 cm. 
have been used in the system with little if any alteration in drying time. 

A major factor in reduced drying rate is too great a drop in temperature 
of the tissue by loss of latent heat of evaporation. Since heat is best 
supplied to fairly large pieces of tissue by radiation, the glass tubes are 
surrounded by copper wells whose walls are }-inch thick (text-fig. 1). 
Thus the drying tissues are supplied with radiant-heat energy. This type 
of system would seem to be more efficient than others in which the tissue 
temperature is determined by a flat heating plate. Although the tissue 
contacting the plate may be at the requisite temperature, the thermal 
conductivity of tissue is poor and the other side of the tissue is exposed 
to the cold of the liquid nitrogen or dry-ice trap. 

Future attempts to increase the drying rate may involve more efficient 
systems for adequate heat exchange between the refrigerated chamber and 
the tissue. 

Discussion of the temperature ranges used in drying is beyond the scope 
of this paper. Drying temperatures of —28 to —30° C. are used in this 
laboratory. Preliminary studies with the system in use reveal no visible 
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histologic or histochemical difference between tissues dried over a range of 
—28 to —38°C. In industry, —30° C. is generally considered adequate 
for biological products (3). 


Techniques of Freezing and Drying and Subsequent Processing 
Freezing and Drying 


The technique first described by Hoerr (4), which involves freezing 
tissues in isopentane cooled to about — 160° C. by liquid nitrogen, is used 
in this laboratory. Three to 5 mm. slices of tissue are placed on aluminum 
foil and are dropped into a beaker of isopentane partly submerged in a 
Dewar flask of liquid nitrogen. The frozen tissues are quickly removed 
and placed in tubes submerged in liquid nitrogen. The tubes containing 
tissues are then transferred to the drying tube of the machine. 

Six to 10 tubes of tissue may be placed in each of the drying tubes. 
With all 4 tubes thus filled the drying time is 5 to 7 days. However, if 
thinner slices of tissue are used the drying time is considerably less. Ifa 
few pieces of tissue approximately 1 mm. or so in thickness are used (as is 
usually recommended) the drying time is 6 to 12 hours. Comparisons of 
the effect of different vacuums upon the drying rate indicate that it is 
decreased above 10-* mm. Hg, whereas it remains nearly constant between 
10-* and 10-*mm. Hg. Above 10-* mm. Hg drying rate is hindered. On 
the other hand below 10~* to 10~‘ the drying rate is not appreciably 
increased (at —30° C.). These observations appear to confirm the find- 
ings of Gersh and Stephenson (1). 


Embedding and Subsequent Processing of Tissues 


It is commonly believed that frozen-dried tissue is extremely hygro- 
scopic and thus must be embedded in the apparatus without exposure to 
the atmosphere. Tests conducted in this laboratory have shown that 
frozen-dried tissues weighed on an analytical balance do not appreciably 
change in weight for periods up to 20 minutes. Moreover, there is no 
appreciable change in their characteristic chalky white appearance. 
When tissue removed from a freeze-dry machine turns a beefy red and 
appears wet after a minute or so, it probably indicates that the tissue was 
not dried and that upon exposure to room temperature the ice has melted. 

Nevertheless, tissues may be embedded without removal from the 
machine by placing the frozen-tissue specimens on small glass boats which 
have previously been filled with paraffin and cooled with dry ice. The 
boats are then placed in the machine. After drying has been completed, 
the stopcock is closed and the entire drying-tube assembly is detached 
from the rubber-hose connection. It is then placed in an oven or water 
bath to melt the paraffin. When the paraffin melts the tissue will sink 
into it and be infiltrated. The assembly is then removed, air is allowed 
to enter, and the tissue is removed for embedding. 

Although a heating coil may be built into one of the tubes for infiltra- 
tion purposes in the machine, such a system necessitates shutting down the 
refrigeration unit, thus immobilizing the apparatus for drying. The author 
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believes that infiltration in the freeze-dry machine is in general a time- 
consuming and unnecessary procedure for most purposes. Degassing the 
paraffin is not recommended since some of the more volatile components 
may be lost and a paraffin of poor sectioning characteristics may result (5). 

On the other hand, removing dried tissues from the freeze-dry machine 
and infiltrating them in a vacuum oven is a simple and efficient procedure. 
Such a procedure requires a vacuum oven (with a glass door or port) 
capable of maintaining a vacuum of less than 100 microns (fig. 2). With 
this type of oven one can simultaneously infiltrate a large number of tissues 
in small beakers of paraffin. It is important to remember not to apply a 
high vacuum unless the paraffin in the beakers is thoroughly melted in 
order to avoid frothing of the paraffin, which may push the tissue from 
the beaker. Infiltration time varies from 5 to 30 minutes. For a number 
of 5 mm. thick slices of tissue the latter infiltration time is necessary. 
Even though air may be removed from the tissue it still takes some time 
for paraffin to penetrate tissue interstices for adequate infiltration. 

For some purposes, frozen-dried tissues may be embedded in celloidin. 
Another alternative involves double embedding in 2 percent collodion and 
then paraffin. The latter procedure may be of use in studying some of the 
more active enzyme systems such as kidney esterases. It is felt, however, 
that none of the present infiltration procedures is entirely satisfactory. 
Preliminary results appear to indicate that certain thermoplastic materials 
may be the most suitable infiltration media. 

For the present, however, paraffin embedding, followed by sectioning 
and dry mounting on slides, is the procedure of choice. Successful dry 
mounting necessitates essentially wrinkle-free sections. Wrinkle-free 
sections of small blocks are easily obtained with asliding microtome. In a 
few minutes several ribbons can usually be obtained. With larger blocks 
considerable skill and practice may be required to obtain essentially 
wrinkle-free sections. Successful dry mounting also necessitates absolute- 
ly clean slides. Slight traces of grease which might not affect ordinary 
mounting procedures will result in nonadherence of sections. After clean- 
ing slides in alcohol, they may be placed on a metal rack and any final 
traces of grease removed by flaming them with a bunsen or blast burner. 
The clean slides are albuminized in the usual manner and the sections 
mounted with light finger pressure. Although it has been suggested 
that sections be “rolled on” with a finger, it has been found that such a 
procedure does not appreciably remove wrinkles and actually may tend 
to break up the section. Atter mounting the sections, the slides are 
placed on a thermostatically controlled hot plate (60° C. or the melting 
point of the paraffin) for about a minute. The hot plate should be placed 
at an angle so that the melted paraffin in the section will flow slightly and 
thus seal the section from the atmosphere. Mounted sections not so 
melted and sealed exhibit deterioration of enzyme systems (6,7). The 
slides are then refrigerated until needed. 

Recently, the use of diacetin has been recommended for floating frozen- 
dried sections prior to mounting (8). Sections are flattened onto albumin- 
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ized slides by floating them on warm diacetin. The sections are blotted 
and allowed to dry overnight exposed to air. Preliminary tests with an 
esterase method (l-naphthyl acetate) has shown that this procedure may 
result in considerable and irregular loss of enzyme activity. In the case of 
succinic dehydrogenase, which can be demonstrated in dry-mounted 
kidney sections, complete inactivation follows the diacetin procedure. 
Aminopeptidase, which can be demonstrated in frozen-dried tissues, is also 
completely inactivated by the diacetin technique. Furthermore, diacetin- 
mounted sections frequently do not remain on the slides following petro- 
leum-ether deparaffinization and subsequent acetone treatment, a pro- 
cedure most useful for enzyme histochemistry. It appears somewhat 
inconsistent to freeze and dry tissues and then to float the sections on warm 
solvents of undetermined properties during which time the sections are 
also exposed to atmospheric moisture and oxygen. As previously indi- 
cated, smaller pieces of frozen-dried tissue may be easily sectioned wrinkle 
free provided that they are properly dried and infiltrated. 

With certain plastic embedding materials, however, it may be possible 
to float sections upon certain liquids including water without appreciably 
affecting the sections. 

For the more sensitive enzyme procedures, sections may be depar- 
afinized in petroleum ether, followed by several changes of acetone (9,10). 
Xylene followed by absolute and 95 percent ethanol is satisfactory for most 
esterase and phosphatase procedures, as well as for the demonstration of 
protein groups (7). 

For some enzyme procedures it is advisable to coat the section with a 
collodion or polystyrene film. The sections are then run from 95 to 85 
percent ethanol or acetone directly into an enzyme substrate mixture. 

Frozen-dried sections exhibit more stable characteristics than their fresh- 
frozen counterpart. Because of this stability, they may be subjected to 
prolonged “blocking” or staining procedures. In fact, many enzyme 
procedures may be run on these sections for 15 or 20 hours if desired. 


Application to Histochemistry, Pathology, and Tissue-Culture 
Research 


It is apparent that the use of routine fixatives for histochemical studies 
represented a compromise if not equivocal procedure. Although the exact 
details of tissue changes which occur during freezing and drying are not 
completely known, the fact that various frozen and dried biological and 
pharmaceutical products retain their native protein and other character- 
istics would recommend this process as the optimal type of histochemical 
fixation (3). 

Recently there have been several reviews of the histology and histo- 
chemistry of frozen-dried tissues (1,11). Much of the previous work has 
dealt with the application of freezing and drying to avoid or minimize 
diffusion and other fixation artefacts. Classic examples of this application 
include study of glycogen granules, preservation of microscopic gas 
bubbles, and preservation of thyroid celloid (1). Salivary-gland mucin 
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granules, for example, are excellently preserved (12,13) (fig. 4). Consider- 
able work has been done on the application of frozen-dried material for the 
localization of inorganic ions, microincineration, autoradiography, and 
ultraviolet and X-ray microscopy (1,11). 

With the development of certain chromogenic methods for protein 
groups (1/4), frozen-dried tissue has found further application. With these 
methods chemically fixed tissues exhibit a more or less diffuse over-all 
stain, while frozen-dried sections exhibit a distinct contrast between 
many stained elements (7). These differences in staining presumably 
reflect the availability of certain protein groups (fig. 5). 

The application of freezing and drying to enzyme histochemistry is a 
relatively neglected field and appears to have been limited primarily to the 
demonstration of phosphatases (15-17). 

In many instances freezing and drying is the best if not the only pro- 
cedure for preserving some of the more sensitive enzyme systems. Re- 
cently some of these enzymes have been demonstrated in normal and 
pathologic tissues. These included esterase (9) and aminopeptidase (10). 
Esterase, which may be inactivated in fixed tissue, has been demonstrated 
in frozen-dried salivary-gland tissue as well as in tumors (figs. 6, 7, and 8). 
In addition to localization of aminopeptidase in normal tissues, the enzyme 
has also been found in the stroma of malignant tumors (18) (fig. 9). It is 
apparent that the application of freezing and drying in conjunction ‘with 
histochemical procedures to problems in pathology represents a fruitful 
field. Frozen-dried sections do not exhibit the marked diffusion artefacts 
seen with fresh-frozen sections, and thus have a potentially wide applica- 
tion for use with a large number of enzyme methods (fig. 10). 

Thin films of tissue culture as well as tissue culture grown in Gelfoam 
sponge‘ lend themselves to optimal fixation by freeze-drying and sub- 
sequent study with enzyme and other histochemical procedures (fig. 11). 
The possibilities of such studies have not received even cursory appraisal. 


Summary 


The design of a freeze-dry apparatus and techniques for processing 
tissue subsequent to drying are presented. 

The machine is capable of continuous operation and will handle a volume 
of 3 to 5 mm. slices of tissue adequate for surgical pathology needs. 
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photomicrographs were taken by Mr. John McGuire. The photographs of 
the freeze-dry system were taken by Mr. S. Silverman. 


PLATE 7 


Figure 1.—Freeze-dry machine showing: 


A. 
B. 
C. 


Refrigerated chamber; 
Vacuum pump and compressor unit; 
Vacuum gauge. 


FicurE 2.—Vacuum oven for infiltration. 
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PLATE 8 


Details of glass drying tubes showing two types of drying manifolds: 
Band D. 
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PLaTE 9 


Figure 4.—Frozen-dried mouse tongue showing lingual glands, periodie acid-Schiff 


method. Both mucous and serous mucins stain and exhibit a granular pattern (13). 
140 


Figure 5.—Frozen-dried mouse submaxillary gland, ninhydrin-Schiff method. 
Mucoid cells stain intensely. ¢ 140 


Fictre 6.—FEsterase in tumor cells of a poorly differentiated lung tumor. X 140 


FicureE 7.—Similar area stained with hematoxylin and eosin. > 140 
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Piate 10 


FicurE 8.—Esterase activity in ducts of human submaxillary gland. Naphthol 
AS-acetate procedure (9). X 110 


Ficure 9.—Aminopeptidase activity in connective-tissue stroma of an epidermoid 
carcinoma. X 140 


Ficure 10.—Esterase activity in frozen-dried rat pancreas. The enzyme activity is 
associated with zymogen granules. $15 


Figure 11.—Frozen-dried tissue culture of HeLa cells, periodic acid-Schiff-hema- 
toxylin. x 140 
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Some Biochemical Differences in Nor- 
mal and Tumor Tissue (Sarcoma 180) 
of Mice: Amino Acid Composition *’ 


M. N. Micketson and Louis Barvick, Chemistry 
Division, Midwest Research Institute, Kansas City, 
Missouri 


One of the theories for effective cancer chemotherapy is based on the 
existence of quantitative biochemical differences between normal and 
tumor tissue. Knowledge about differences in content of an essential 
vitamin or of amino acid, enzyme, or nucleic acid components might provide 
a basis for more effective exploitation of metabolite antagonists. In- 
hibition by an antimetabolite depends on the concentration ratio between 
the metabolite and the antagonist. If the metabolite in question is in 
lower concentration in the tumor tissue than in the normal tissue, it is 
reasonable that a given concentration of antimetabolite would block the 
utilization of that metabolite in the tumor to a greater extent than it 
would in the normal cells, thus causing less injury to the latter. 

In the synthesis of anti-tumor agents, in progress in these laboratories, 
a number of amino acid analogues have already been synthesized. It 
was felt that information on the quantitative relationship between the 
amino acid composition of proteins in tumor compared with those of 
normal tissues might serve as a guide in the selection of amino acids for 
the preparation of more effective antagonists. 

Studies similar to those in this report have been made with other animals 
and other tumors, using microbiological methods, cf. Sauberlich and 
Bauman (1) and Sassenrath and Greenberg (2). Others have used chro- 
matographic methods—Roberts and Chao-T’E Li (3), Roberts and 
Frankel (4,5), and Kit and Awapara (6). Both techniques have also 
been used (2). 

Sauberlich and Bauman analyzed samples of Flexner-Jobling carcinoma 
(a methylcholanthrene-induced sarcoma), two chemically induced hepa- 
tomas, and a spontaneous mammary fibrosarcoma for 18 amino acids 
(free plus those derived from hydrolysates) and compared them with 
those from normal tissues. They found the amounts of amino acids in 
the tumors to be very similar to those of normal rat tissues and to those 
of ordinary cuts of beef or pork. The mammary fibrosarcoma was unusual 
in that it contained large amounts of glycine and proline. They concluded 

! Received for publication March 29, 1955. 


? This investigation was aided in part by Research Grants C-802 and C-2479 from the National Cancer Institute 
of the National Institutes of Health, U. S. Public Health Service and in part by the Midwest Research Institute. 
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that the gross amino acid composition of tumors was like that of most 
other animal tissues. Their results did not support the concept of Kégl 
and Erxleben (7) that tumors are characterized by large amounts of 
p-glutamic acid nor the results reported by Dunn, Feaver, and Murphy (8) 
that the arginine content of tumors was exceptionally high. 

Sassenrath and Greenberg, working with Walker carcinosarcoma 256 
in rats, used both chromatographic and microbiological methods, and 
found no change in the free-amino-acid profile that was characteristic 
for muscle, liver, and plasma in the tumor-bearing animal. However, 
they do not report results for the tumor tissue. 

Kit and Awapara determined the free-amino-acid content of four 
lymphosarcomas, a transplantable methylcholanthrene-induced rat tumor, 
and normal lymphatic tissues of the mouse, rat, and rabbit. They found 
higher concentrations of alanine and glycine and lower concentrations of 
aspartic acid in the tumors than in the normal tissues. 

Both increased and decreased content of some amino acids in the pro- 
teins of malignant compared to normal tissues have been reported with 
various tumors in rats, mice, and rabbits. The significance of the differ- 
ences is still in question. However, it is imperative that there be bio- 
chemical differences between tumorous and nontumorous tissues to 
provide a basis for the chemotherapy of tumors. These differences may 
be in enzyme, amino acid, or vitamin composition or, in fact, any essential 
metabolite. This work deals with differences in amino acid composition 
of normal and tumor tissue (sarcoma 180) in mice. 

The aforementioned theory is supported by some experimental evidence. 
Shapiro, Shils, and Dietrich (9) found that deoxypyridoxine, a vitamin 
B, antagonist, was carcinostatic against mouse mammary carcinoma No. 
755. They found a lower concentration of vitamin B, in the tumorous 
tissues than in the majority of normal host tissues. Furthermore, they 
found that glutamic-aspartic transaminase, a pyridoxine-containing 
enzyme, was inhibited by deoxypyridoxine. 

An investigation has been made of the amino acid (free amino acids 
plus those derived from hydrolysates) composition of mouse sarcoma 180 
and the nontumorous tissues of tumor-bearing as well as non-tumor- 
bearing mice. 


Methods 


Strain BALB/c mice were used as tumor hosts. Sarcoma 180 tumors 
of 1 week’s duration were removed from animals and cut into pieces 
approximately 2 mm.’ in size and implanted in the axillary region by 
the usual trocar method. The implantation was done aseptically. The 
mice, 10 in each group, were allowed free access to Purina laboratory 
chow and water except in the case of the starved animals. They were 
deprived of food but allowed free access to water. On the 4th day of 
starvation 5 of the animals had died. The livers from the remaining 
5 animals were removed and used for the amino acid analyses. 

Microbiological analyses for methionine, phenylalanine, leucine, iso- 
leucine, threonine, lysine, valine, arginine, histidine, serine, aspartic 
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acid, tryptophan, and tyrosine were made by the procedure of Stokes, 
Gunness, Dwyer, and Caswell (10). Aspartic acid and phenylalanine 
were determined with Lactobacillus delbrueckii LD5 (NRRL) and the 
remaining amino acids of this series with Streptococcus faecalis (NRRL). 

Glutamic acid and cystine were determined with Lactobacillus arabinosus 
17-5 by the procedure of Hac, Snell, and Williams (11). 

Glycine and proline were determined with Leuconostoc mesenteroides 
(NRRL 1153) using the basal medium described by Barton-Wright (12). 

All samples were run at three concentration levels and duplicate 
analyses were made. In none of the cases was appreciable “drift’’ 
apparent. Tumors (sarcoma 180) of 10 and 13 days’ duration were 
analyzed for the 17 amino acids. Although a large spread in the age of 
tumors was desired, the harvesting of the tumors at 13 days was necessary 
because the mice were in their terminal stages. The tumors were care- 
fully trimmed of necrotic and connective tissue. 

‘ Liver from these mice was chosen as the nontumorous tissue for com- 
parison. The data in table 4 indicate liver to be a valid reference tissue 
for comparison with the tumor (see discussion). There was no quanti- 
tative basis for choosing one tissue over the other. In addition to livers 
from the tumor-bearing animals, those from normal (non-tumor-bearing) 
mice and mice that had been starved for 4 days were used. The livers 
were harvested at this time because the mice were in their terminal stages. 

The pooled tissues from 10 animals of each group were placed on tared 
watch glasses and weighed. They were dried overnight at 65 to 70° C. 
at atmospheric pressure; the following day they were dried for 8 hours at 
the same temperature in vacuo. The dried tissues, after being weighed 
for moisture content, were finely pulverized. About 1.5 gm. of each 
sample were weighed into a small extraction thimble 10 X 50 mm. and 
extracted continuously with ethyl ether for 8 hours in a small Kutscher- 
Steudel type extractor for removal of lipide material. 

Approximately 1 gm. of the dry, lipide-free tissue was hydrolyzed in a 
sealed glass ampoule with 10 ml. of HCl (10% by volume) for 10 hours at 
125 to 127° C. in an autoclave. The hydrolysates were then neutralized 
to pH 6.8, filtered and made up to 50 ml. in a volumetric flask, and stored 
in the refrigerator under toluene. 

In the case of tyrosine and tryptophan, 0.1 gm. samples of tissue were 
hydrolyzed in 5 ml. of 5 N NaOH in a covered 18 X 100 mm. test tube 
for 8 hours at 125 to 127° C. The hydrolysates were centrifuged to 
remove a bulky precipitate; this precipitate was then washed several 
times with water. The supernatant liquor and washings were neutralized 
and made to a volume of 25 ml. These hydrolysates were also kept in 
the refrigerator under toluene for analysis. 

The total nitrogen content of each of the extracts was determined by a 
semimicro Kjeldahl procedure. 

With a second series of animals, the amounts of the amino acids leucine, 
isoleucine, aspartic acid, histidine, methionine, valine, and tryptophan 
were determined in tumor tissue, liver, kidney, heart, spleen, brain, in- 


Vol. 17, No. 1, July 1956 








68 MICKELSON AND BARVICK 


testine, and muscle tissues from tumor-bearing as well as from non-tumor- 
bearing, normal animals. The tissues were all treated in the same manner 
as described above, with analyses made for moisture, lipide, and total 
nitrogen in the hydrolysates. 

The sum of the nitrogen contents of the 17 amino acids for which 
analyses were carried out accounted for 70 to 87 percent of the total nitro- 
gen in the hydrolysates as determined by the Kjeldahl method. 


Results 


Values obtained for the lipide, dry substance, and nitrogen content of 
the tumor and certain normal mouse tissues are shown in table 1. In the 
first part of the table are values from those animals whose tissues were 
analyzed for 17 amino acids; in the second part the values are for a series 
of normal tissues from normal and tumor-bearing mice that were analyzed 
for leucine, isoleucine, aspartic acid, histidine, methionine, valine, and 
tryptophan. 

The lipide content of the liver tissue in the second series of tumor- 
bearing animals was considerably lower than that in the first group. In 


TABLE 1.—Fat, moisture, and nitrogen content of certain normal and tumorous tissues 
(sarcoma 180) of mice 


(10 animals in each group) 

















Peseent- | Percentage dry tissue 
‘ age 
Tissue dry on Total ee 
matter nitrogen omine N 
NE I ice cig te tiimen eas Newewe 31.0 a7. 7 12. 78 82 
Liver from mice with 10-day tumors............| 30.2 25. 5 13. 63 87 
Liver from mice with 13-day tumors........... 30. 0 17.3 13. 83 86 
Tumor tissue—10-day tumors................. 18.9 18.8 14. 20 69. 5 
Tumor tissue—13-day tumors................. 19.5 15. 6 13. 67 77 
Liver from starved animals*................-. 31.0 | 249 14. 41 75 
| 











Percentage dry Percentage dry tissue 











Tissue matter Fat Total nitrogen 
Tumorous| Normal |Tumorous| Normal |Tumorous! Normal 
animals | animals | animalsf | animals | animals | animals 
Sees 22.3 22. 3 20. 0 37.0 11. 45 12. 32 
7 Sener ae 27. 7 22.0 3. 50 17.0 13. 44 13. 74 
ae eee 24.3 14.7 5. 88 23. 0 12. 09 12. 09 
Eee 27.8 28. 4 11. 60 25. 3 12. 52 14. 65 
ee eee 31.0 31.8 06. 95 16. 7 13. 06 10. 62 
ON ere 26.9 23. 0 6. 23 22. 3 12. 75 14. 07 
a cinuaiwaws on 29.0 25. 5 0. 45 12.2 12. 81 13. 76 
I eee 18.0 — 11.6 —_ 13. 91 —_ 























*Average mouse weight at start of experiment was 23 gm. and food consumption 4.3 gm. per mouse per day. 
After 1, 2, and 3 days of starvation the average weight of mice was 20.4, 18.3, and 16.5 gm., respectively. (Pooled 
tissue from 5 animals.) 

tAverage weight of mice at start was 24 gm.; 13 days after implantation 19.5 gm. Food consumption at start 
was 5.5 gm. per mouse per day, at the end 2.9 gm. per mouse per day, 
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fact, all of the tissues from the tumor-bearing animals were appreciably 
lower in lipide than were comparable tissues from nontumorous animals. 

By means of microbiological-assay procedures the amino acid com- 
position of mouse sarcoma 180 and certain normal tissues was determined. 
In the first experiment livers from normal and starved mice, and livers 
and tumors from tumor-bearing mice were analyzed for 17 amino acids. 
Results are expressed as percentage composition of dry, lipide-free tissue. 
Mice bearing tumors of 10 and 13 days’ duration were used. Since no 
outstanding differences were noted in amino acid composition of animals 
with tumors of 10 and 13 days’ duration, the data, except where noted, 
relate to animals with 13-day tumors. The results of this experiment are 
presented in table 2. Further comparisons are given in table 3, second 
column. 

Nine of the amino acids were in lower concentration in the tumor 
tissue than in the nontumorous liver tissue from homologous animals 
(table 3). 

In the case of phenylalanine, tryptophan and methionine, and tyrosine 
the differences were less than 10 percent. In the case of leucine, isoleucine, 
valine, histidine, and aspartic acid, the amounts ranged from 10 to 49 
percent less in the tumor than in the liver. The greatest difference was 
in aspartic acid and histidine content, and in the first experiment the 
tumor contained half as much aspartic acid as the nontumorous livers 
(see table 3). 

For five of the amino acids the content in the tumor was greater than 
in the liver. These were lysine, arginine, glutamic acid, proline, and 
glycine. The difference in content of these amino acids between liver 
and tumor tissue was small and perhaps of doubtful significance except 
for arginine. The 10th-day arginine sample showed a slight difference 
in the reverse direction (table 2). An increased content of arginine in 
rat fibrosarcoma was reported previously (8). 

The content of threonine, cystine, and serine was substantially the 
same in liver and tumor. 

The liver tissue from normal and starved mice (table 2) was analyzed 
to determine whether the liver tissue of starved animals might resemble 
that of liver from tumor-bearing animals. In general, the amino acid 
composition of liver from normal animals was not notably different from 
that of liver of starved animals. Arginine and serine were the only 
amino acids which varied significantly. Arginine was 34 percent higher 
in starved liver than in normal liver and 14.2 percent higher in tumor than 
the liver tissue from the 13-day tumor-bearing animals. The tumor value 
was slightly lower than liver in the animals with 10-day tumors. Serine 
was 13 percent higher in the normal liver than in the liver from starved 
animals. In table 3 are given the percentage differences of each of the 
seven amino acids which were lower in the tumor tissue than the non- 
tumorous liver tissue from the two groups of animals. The values in 
table 3 show reasonable agreement in the two experiments except in the 
case of methionine. 
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TABLE 3.—Comparison of amino acids in liver and tumor tissue expressed as percent 
difference from value for liver 


























More in tumor than liver Less in tumor than liver 
| | Percent 
Amino acids | Percent | Amino acids 
| Expt.1 | Expt. 2 
OC LT 4.53 | Phenylalanine......... 2. 90 — 
MNS oa 5 575 3 eos 12. 5 SEE rer 9. 90 11.3 
Glutamic acid......... 7. 60 Isoleucine............ 13.0 8. 41 
eee eee | 6. 67 | Seer 1.1 12.8 
SN oo Ga seinrelel a ii ee 20. 8 21. 4 
Aspartic acid......... 49.8 22. 0 
| Tryptophan.......... 4. 80 5. 25 
Methionine........... 5.8 15. 2 
ES o cissies ccd 2. 72 _— 
Discussion 


In comparing the normal to the pathologic tissue, aspartic acid, histi- 
dine, and methionine show the greatest decreases. The significance of 
these differences in selecting compounds for chemotherapy is suggested 
by the work of Lagerkvist, Reichard, and Ehrensvird (13), in which it 
was found that the carbon skeleton of isotopically labeled aspartic acid 
was incorporated by rat liver tissue into pyrimidine. Woods e¢ al. (14) 
and Wahba and Shive (15) also showed that aspartic acid was necessary 
for pyrimidine and purine synthesis by Lactobacillus arabinosus 17-5. It 
is therefore reasonable to assume that analogues of aspartic acid or inter- 
mediates for which it is a precursor could interfere with the synthesis of 
nucleoproteins, since pyrimidines and purines are integral parts of these 
vital cell components. Furthermore, it is an amino acid known to partici- 
pate actively in transamination reactions leading to the synthesis of other 
amino acids. McClure, Neuman, and McCoy (16) found that aspartic 
acid was one of the precursors of lysine. 

In the second experiment analyses were made for seven amino acids 
in seven normal tissues from a series of normal and tumor-bearing mice. 
These results are presented in table 4 with further comparisons in table 3, 
last column. The first experiment has shown that these seven amino 
acids were in greater concentration in the liver than in the tumor tissue. 
To determine whether the amino acid composition of normal liver tissue 
was similar to that of other body tissues and whether it was valid to choose 
liver as the tissue for comparison, the following tissues from normal and 
tumor-bearing mice were analyzed: Kidney, liver, brain, muscle, spleen, 
intestine, and heart tissue from normal mice, and these same tissue types 
plus the tumor from tumor-bearing mice were analyzed for aspartic acid, 
leucine, isoleucine, valine, histidine, tryptophan, and methionine. The 
tissues were treated as previously described. These tissues were taken 
from mice with advanced tumors, 7.e.,13 days from implantation. The 
data of table 3, last column, are from this series of mice, and in general 
they confirm the results of the first experiment. For methionine a greater 
difference was found in the second experiment. 
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Table 4 shows the results obtained with the seven normal tissues and 
the tumors in the second series of mice. Of particular interest are the 
values for aspartic acid, histidine, valine, methionine, and leucine. 
Comparing the aspartic acid values for normal livers and livers from 
tumor-bearing animals, in the first set of animals, table 2, they are 15.87 
and 18.43 percent (liver from animals with 13-day tumors), respectively, 
and in the second set of animals, table 4, 9.47 and 12.45 percent, respec- 
tively. This represents a 16 percent increase in aspartic acid content 
in the liver of the tumor-bearing animals over the liver from normal 
animals in the first experiment and a 32 percent increase in the second. 
The aspartic acid content in the liver and tumor tissue of the tumor- 
bearing animals was 18.43 and 9.26 percent in the first experiment 
(table 2) and 12.45 and 9.70 percent, respectively, in the second (table 4)— 
a decrease of 49.5 and 22 percent. 

It is noteworthy that the aspartic acid content of all of the tissues 
analyzed from the normal mice was considerably lower (average 8.22 %) 
than for the same tissues (except the tumor) from the tumorous series 
of animals (average 13.51%). 

With respect to the concentration of the other six amino acids, there 
were no outstanding differences between the tissues of normal and tumor- 
ous animals, except for histidine and methionine. For histidine, the 
difference results from the higher values obtained in the brain, spleen, 
and muscle tissues of the normal mice, and for methionine, it results from 
generally higher values in the tumorous mice, except for muscle and 
heart tissue. 

The last figures at the bottom of table 4 show, in percent, how much less 
of each amino acid the tumor contains than is in the average composition of 
the seven non-tumor tissues. Except for isoleucine and tryptophan, 
which show similar values, the differences range from 5.26 percent less 
for methionine to 28.3 percent less for aspartic acid. 

The data indicate aspartic acid to be lower in tumor tissue than in 
liver and in other tissues from tumorous animals. In the second series 
of normal animals the average content of aspartic acid in seven tissues 
was lower (39%) than the average of comparable tissues from tumorous 
animals. Since aspartic acid is a focal point for the synthesis of other 
amino acids and perhaps nucleic acids, this difference may reflect an 
attempt in the tissues of the tumor-bearing animals to keep pace with 
the amino acid requirements of the rapidly growing tumor tissue. As- 
partic acid must be either utilized at a more rapid rate or synthesized 
at a slower rate by the tumor than other amino acids, a point which 
may make it susceptible to attack in studies on chemotherapy of sarcoma 
180 in mice. 

Because of the foregoing facts further studies at present are being 
concentrated on the aspartic acid differences. Differences in histidine 
and methionine may be equally significant as a rational basis for seek- 
ing chemotherapeutic agents, but the information concerning their role 
in nucleic acid synthesis is not so extensive as that concerning aspartic acid. 
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Arginine was higher in the liver of starved animals than in normal 
liver as were methionine, leucine, lysine, proline, and glycine. Arginine, 
glutamic acid, proline, and glycine were higher in the 13-day tumor than 
in the liver from tumor-bearing animals. These differences were not 
great in any case. It would be of particular interest to know the rela- 
tive activities in the liver and tumor of the systems involved in the 
synthesis of those amino acids where the largest differences were found. 
This is a point under study at present. 


Summary 


The amino acid composition, for 17 amino acids, of normal mouse 
liver, starved-mouse liver, mouse tumor tissue (sarcoma 180), and liver 
tissue from tumor-bearing animals has been determined by microbiological- 
assay procedures. 

In a second series of animals seven different tissues from both normal 
and tumor-bearing animals were analyzed for seven amino acids. 

Aspartic acid showed rather large differences between tumor and non- 
tumor tissue. The aspartic acid content of tumor tissue was approxi- 
mately one half that of the liver from the tumor-bearing animals. 

Other amino acids which showed differences of a lesser degree were 
valine, histidine, leucine, isoleucine, and methionine. 

The possible significance of these biochemical differences in relation 
to a basis for seeking chemotherapeutic agents is discussed. 
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Recorded and Expected Mortality 
Among the Navajo, with Special Ref- 
erence to Cancer’ 


Rosert L. Smita, M.D.,? CLareENcE G. SALsBurY, 
M.D.,3 and ALEXANDER G. Giututiam, M.D.,*#4 
National Cancer Institute, Bethesda, Maryland, and 
Arizona State Department of Health, Phoenix, Arizona 


During 23 years (1929-51) of practice at the Sage Memorial Hospital 
at Ganado, Arizona, Salsbury observed 66 cases of cancer in Navajo 
Indians among approximately 34,500 admissions. It is estimated that 
about 17,000 of these admissions represented adults and that 95 percent 
were Navajos. The Navajo patients observed with cancer comprise about 
0.4 percent of the estimated adult admissions. Salsbury encountered no 
Navajo females with cancer of the breast during this period. In an 
earlier report on a smaller experience he (/) diagnosed inoperable car- 
cinoma of the breast in one Navajo male. 

The present study was undertaken as part of an effort to evaluate, 
from existing records, Salsbury’s impression that the incidence of all 
cancer is low among Navajos, and that cancer of the breast rarely, if 
ever, occurs. 

The Navajo Population 


The Navajo comprise the largest single tribe of American Indians. 
Geographically, their Reservation consists of portions of Arizona, New 
Mexico, and Utah. Of the 54,320 Navajos living within the Reservation 
as of April 1, 1950, about 60 percent reside in Arizona, 37 percent in 
New Mexico, and 3 percent in Utah. An unknown number live on its 
fringes in Arizona, as for example around Flagstaff, and an additional 
9,000 to 10,000 Navajos reside on public domain in New Mexico. In 
addition, varying numbers of adults leave the Reservation with their 
families for irregular intervals to work as migrant laborers for the railroad, 
seasonal agricultural workers, or miners. 

The Navajo Agency of the Bureau of Indian Affairs maintains head- 
quarters for its activities at Window Rock, New Mexico. An attempt 


1 Received for publication February 23, 1956. 

2 National Cancer Institute, National Institutes of Health, Public Health Service, U. S. Department of Health, 
Education, and Welfare, Bethesda, Md. 

3 Arizona State Department of Health, Phoenix, Ariz. 
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as the personnel of the Navajo Agency, Window Rock, Ariz., who made it possible for us to copy death certificates 
filed there. Special] thanks for this are due Dr. Toyo Shimizu, Acting Area Health Officer, Mr. Edward Tolson, 
Hospital Consultant, Miss Blakesley, Statistician, and Wilbur Morgan, Chief, Census Branch. 
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is made at the Agency to maintain a current roster of all Navajos. This 
involves a so-called “census roll,’’ maintained by recording all known 
births and deaths, and supplemented by information on individuals and 
families obtained as a by-product of a variety of activities within the 
Agency. Although every effort is made to keep careful records on 
population and deaths, they are not believed to be entirely accurate. Too 
many vital-statistics jurisdictions are involved to be certain that copies 
of death certificates for all Navajo deceased are submitted to Window 
Rock, and there is no practical way to measure periodic migration 
accurately. 

At the 1950 Census 64,374 Indians, including residents on public 
domain, were enumerated as residing in the Navajo Indian Agency Area. 
Of these, 32,444 (50.4%) were males and 31,930 (49.6%) females. 
Although a relatively small but unknown number of them were not 
Navajos, this enumeration is here considered to be the Census estimate of 
Navajos. A special tabulation was also made by the Bureau of the Census 
for the Health Branch of the Bureau of Indian Affairs, the purpose of 
which was to obtain special information on demographic characteristics 
more representative of the Navajo tribe. These include Navajos residing 
on the Hopi Reservation. Tribal affiliation was not recorded in this 
Census for 2,839 Indians living on the Reservation in New Mexico, nor 
for 1,774 in Arizona and 8 in Utah. These are counted as Navajos in 
what is here called the Special Census Study estimate. The total arrived 
at for the Special Census Study was 54,320, of which 27,084 (49.9%) were 
males and 27,236 (50.1%) females.® 

The Navajo Agency, on the basis of data from a variety of sources, 
including estimates of numbers of migratory laborers and their families, 
estimated that the population from which death-certificate data are 
available was 70,567. This total is here called the Agency estimate. 

The age and sex distribution of the published Census data and the 
Special Census Study estimates are known, but the numbers in these 
components have not been tabulated for the Agency estimate. In table 1 
is given the percentage distribution, by age, of the Special Census Study 
estimate of the male and female Indians on the Navajo Reservation, 
which, though differing in some detail, is in general similar to the published 
Census data of these distributions for all Indian residents on the Navajo 
Reservation. That for the white and nonwhite United States population 
is shown for comparison. Because of the excessive proportion of Navajos 
in the younger ages it is clear that fewer cases of cancer would be expected 
among them than in a white or nonwhite population of comparable total 
size. 

Practically all Indians both on and off the Reservation are entitled to 
free medical care in hospitals and clinics maintained by the Federal 
Government. In addition to these hospitals there are several other 
medical facilities supported by missions, the largest of which is the Sage 


§ These numbers were based on preliminary figures. For a more recent estimate of population, which differs 
slightly from the ones employed here, see Hadley (2). 
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TaBLE 1.—Percentage distribution, by age, of the male and female Navajo population, 
as determined in a Special Census Study, compared with the entire white and nonwhite 
United States population, as estimated on July 1, 1950 





Entire United States 





Navajo 
Age Nonwhite* White 





Male Female Male Female Male Female 








a oc aie Hare oman 47. 6 46. 0 32. 5 31.3 26. 9 25. 7 
Sy peer esee erm 19. 4 21.0 16. 1 16.8 14. 6 14. 4 
en ee 10.8 11.8 15. 1 16. 2 15. 6 16. 0 
I ares Saas sh athe hers 7.9 8.5 13. 7 14. 2 14. 2 14. 3 
oS! ee s usartitaes eter 6. 1 5. 6 10. 6 10. 2 11. 6 11.6 
a a eo as Sas ara 4.0 a 6. 7 6. 3 9.1 9.1 
65 and over. . Se veer 4.2 3.8 5.3 §.2 8. 0 8. 9 

Tete... ea ee 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 











*Of the total United States nonwhite population 95.3 percent is classed as Negro. 


Memorial Hospital (Presbyterian) at Ganado. During the period of the 
study, it is estimated that better than 95 percent of all Navajos who 
received modern medical care attended one or more of the hospitals located 
on or contiguous to the Reservation. 

In addition to the care received from modern medicine, however, an 
unknown amount is accounted for by the Medicine Man. No reliable 
information is available on the characteristics of Navajos who do and who 
do not utilize the facilities of modern medicine or on whether there is a 
tendency toward selection of one or the other type of medical care for 
specific types of illness. Since the Navajo are seminomadic and tend to 
live in small, isolated, family groups rather than in communities, and 
because of a variety of tribal customs, a sampling survey to acquire 
accurate information on this would impose serious technical and practical 
problems. 


Methods of Study 


To determine whether a deficit of cancer actually exists it is necessary 
to take account of the varying estimates of the number of Navajos at risk 
of dying as well as the fact that a high proportion of them are in the 
young ages of reduced cancer risk (table 1). To accomplish this, three 
alternative statistical procedures are available. The most generally 
satisfactory of the three methods, involving direct comparison of age- 
specific death rates, is unsuitable because of the irregular and unstable 
rates which result when the relatively few Navajo cancer deaths are 
distributed by site, age, and sex. Comparison of the Navajo risk with 
that in other population groups by means of total rates adjusted for age 
by the direct method is similarly unsuitable, and for the same reason, 
since the direct method requires multiplication of the unstable Navajo 
age-, sex-, and site-specific rates by some standard population. The only 
alternative, therefore, is the indirect method of age adjustment, which 
involves applying the more stable rates of a larger population group to the 
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Navajo population at risk. This procedure asks the question, how many 
deaths would be expected among the Navajo if the age-, sex-, and site- 
specific rates of some other large group of people prevailed? The deaths 
expected may then be compared with those actually observed. 

Since it is not generally recognized, it should be pointed out that 
comparisons made by the indirect method do not always agree with those 
made by the direct method of age adjustment. The differences in results 
with the two methods are accentuated when diseases with strikingly 
different age selections are grouped, or when the populations compared 
are strikingly different in their distribution by age. Thus, in these data 
there is fairly close agreement in results obtained by the direct and in- 
direct methods when the Navajo experience is compared with that of the 
nonwhite, for individual diseases; but the agreement is less marked when 
it is compared with the white experience. This is due to the fact, as noted 
in table 1, that the age distribution of the Navajo population is more 
similar to that of the nonwhite than the white population. 

The results of comparisons of the two methods of adjustment which 
have been made with these data are not illustrated because of their com- 
plex nature. It may be stated, however, that disagreement is largely 
one of degree rather than of direction ercept when comparisons are made of 
deaths from all causes. In the interest of relative simplicity of presenta- 
tion, this discussion will therefore be limited to comparisons made with the 
indirect method of adjustment. 

Copies were made of all death certificates pertaining to Navajos, avail- 
able at Window Rock, for the years 1948-52 inclusive. In addition to 
cause of death, which was coded according to the Sixth Revision of the 
International List, information was also obtained as to whether the death 
occurred in a hospital, and, if not, whether a physician was in attendance 
at death. The fact that the deceased was an Indian is generally ade- 
quately recorded on death certificates. The tribe of which he was a mem- 
ber is not regularly noted. For the Navajo specifically, however, and in 
all Indian Bureau facilities generally, special effort is made to have tribal 
affiliation recorded. While every effort is made to have copies of certifi- 
cates pertaining to the Navajo submitted to the Agency at Window Rock, 
coverage is probably not complete for Navajos who die some distance 
from the Reservation and outside of Indian Bureau facilities. 

Because of the uncertainty of the exact population base from which 
death-certificate data are available, it was deemed desirable to make an 
estimate of the range of deaths expected—that is, the ‘“‘minimum” and 
“‘maximum” numbers expected insofar as these numbers are influenced 
by estimates of the number, age, and sex composition of the Navajo 
population at risk. Therefore, for comparison of mortality among the 
Navajo with that of the United States white and nonwhite populations, 
expected deaths among the Navajo were computed from three different 
population bases: 1) the published Census enumeration (64,374); 2) the 
Agency total (70,567) distributed by age and sex in the same proportion 
as the Census enumeration; and 3) the Agency total distributed by age 
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and sex as in the Special Census Study estimate. ‘These three population 
estimates (by age and sex) were multiplied by the age-, sex-, and cause- 
specific 1950 death rates for the entire white and for the entire nonwhite 
United States population. The results, multiplied by 5, therefore 
comprise the number of deaths from each cause expected to occur among 
the Navajo in the 5 years centering around 1950, if they had been sub- 
jected to the same age- and sex-specific rates prevailing in the United 
States white or nonwhite population asa whole. As might be anticipated, 
computations employing the published Census enumeration estimates 
uniformly yielded the lowest number of deaths expected. The largest 
number of deaths expected was derived when use was made of the Agency 
estimate. For males this estimate distributed as the Census enumeration 
always yielded the maximum figure, while for females there were only 
minor differences between deaths expected using the same estimate and 
the Agency estimate distributed as the Special Census Study. 

Deaths observed for anv cause, divided by the deaths expected (as 
derived by the procedures outlined above) yield a ratio. This ratio 
multiplied by 100 gives a Standardized Mortality Ratio (SMR), which 
numerically represents the percentage of the United States average annual 
death rate constituted by the Navajo rate, adjusted for age differences 
by the indirect method. 

In addition to computing mortality ratios for cancer, such ratios have 
also been obtained for deaths due to all causes as well as for deaths at- 
tributed to diseases grouped in conventional broad causes. The purpose 
of these computations is to determine what takes the place of cancer as 
a stated cause of death in the event a deficit of cancer appears to exist. 


General Results 


Table 2 shows the number of deaths recorded in 5 years among Navajo 
males, by broad causes of death. It also shows the minimum and maxi- 
mum numbers, as previously defined, which would have been expected 
if the risk of dying from these causes had been similar to that prevailing 
for the general United States white and nonwhite populations. The 
resultant standardized mortality ratios (SMR) are also given where the 
numbers of deaths expected or observed are numerically sufficient for 
reasonably stable ratios. 

When broad causes of death are considered for males (table 2), it is 
observed that all estimates yield excessive mortality from the following 
classes of disease: (I) infective and parasitic, (VIII) respiratory, (IX) di- 
gestive diseases (largely gastroenteritis and colitis), (XVI) senility and 
other ill-defined causes, and (XVII) violence. In addition, diseases of 
early infancy (XV) are materially greater than would be expected from 
experience of the white population. Substantial deficits are noted for 
(II) neoplastic diseases, (VI) diseases of the central nervous system, and 
(VII) circulatory diseases, when compared with both white and nonwhite 
experience. Diseases of the genitourinary system (X) are relatively 
infrequent only when compared with white experience. For the other 
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broad causes, deaths expected are too few for much significance to be 
attached to the results. 

The general features of expected and observed mortality among females 
are similar to that of the males, as is evident in table 3, except that deaths 
due to violence (XVII) do not appear to be excessive. Also noteworthy 
is the excess Navajo mortality for diseases of pregnancy and the puerpe- 
rium, when compared to white rates. 

The ratios computed for all causes of death combined must be accepted 
with reservations since, as previously pointed out, neither the direct 
nor indirect methods of adjustment are satisfactory when diseases of 
widely different age selection are grouped together. The only satisfactory 
comparison between the Navajo and the white and nonwhite experience, 
for all causes of death combined, is obtained by direct comparison of 
age-specific rates. This procedure is acceptable since all deaths for a 
5-year period are sufficient to produce reasonably stable rates. Since 
such comparisons have been made previously (2) they will not be repeated 
here. 


Observed and Expected Mortality Attributed to Cancer 


For males, mortality attributed to cancer is estimated to be from 24 to 
29 percent of that expected, and among females from 31 to 36 percent 
(tables 2 and 3). When the observed cancer deaths are considered by 
site of cancer, their distribution suggests that the Navajo might experience 
a somewhat different predilection for cancer of specific sites :han either 
the white or nonwhite population. Expected deaths for a number of 
specific sites were therefore computed and the results of these computa- 
tions, together with recorded deaths, are given in table 4. As would be 
anticipated the numbers are so small, even with a 5-year experience, that 
little significance can be attached to the results except for a few specific 
cancers. 

Cancer of the digestive tract as a whole appears to be recorded less 
commonly than expected among both males and females. This deficit 
tends to involve all portions of the gastrointestinal tract, except for cancer 
of the pancreas in the male and primary cancer of the liver in the female. 
In each instance the numbers are too small to be of much significance, but 
it should be noted that a numerical excess of cancer of the liver is recorded 
in females. 

There is a clear deficit of cancer of the lung in the male. While no 
deaths attributed to respiratory cancer were recorded among females, 
the numbers expected are quite small. 

Among males there appears to be a deficit of cancer of the genito- 
urinary system. This is marked for cancer of the prostate, the only 
single site which contributed much to the total expected. In the females, 
there is a clear deficit of cancer of the breast, with 1 death recorded and 
from 13 to 20 expected. Cancer of the cervix, on the other hand, was 
recorded about as expected on the basis of white experience but less 
commonly than expected had nonwhite rates prevailed. 
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For both males and females, cancers of the brain and of the bone were 
about as common as expected. The deficit in leukemia and the lymphomas 
appears to be less pronounced among the males than the females. 


Discussion 


In evaluating these comparisons of expected and observed causes of 
death, it must be borne in mind that the SMR’s calculated for deaths 
attributed to senility and ill-defined causes varied from 207 to 1,353 
among the males and from 271 to 2,200 in the females (tables 2 and 3). 
In addition, a substantial number of the deceased were unattended by a 
physician at death. Table 5 shows the deaths, distributed by age and 
sex, which were unattended by a physician and those which were attributed 
to senility and other ill-defined causes. Since deaths due to violent causes 
should, in general, be readily classified without much medical observation, 
percentages based on all deaths except those attributed to violence are 
also given in table 5. 

It is observed that the proportion unattended by a physician increased 
with age and comprised nearly 40 percent of the 522 deaths (exclusive of 
violent deaths) which occurred in the ages of greatest cancer risk, that is, 
in persons 45 years of age and older. This does not necessarily mean, 
however, that the assigned cause of death in all of these was unsupported 
by medical observation. In some, but unfortunately in an unknown 
number and proportion of instances, the cause of illness had been estab- 
lished in a hospital, but because of tribal customs the patient had left 
the hospital to die unattended by the physician signing the certificate. 
It was established, for example, that the unattended death attributed 
to cancer of the breast (table 4) had previously been so diagnosed in a 
hospital. However, because of the tendency of the individual Navajo 
to use a number of different names, it was not possible to make a systematic 
check of the frequency, in those unattended at death, with which the 
certified cause of death was based on reliable medical information. 

Table 5 also shows that deaths attributed to senility and other ill- 
defined causes increased with age and comprised 138 (26 percent) of the 
522 deaths (exclusive of violent deaths) recorded in those 45 years of age 
and older. If most of these deaths had actually been due to cancer they 
would have been sufficient to account for the maximum cancer deficit 
computed for these ages. However, the deaths which were either attrib- 
uted to senility or were unattended by a physician (comprising 215 of the 
522 deaths in those 45 and over) taken all together are insufficient to 
account for the combined deficit in deaths due to cancer, cardiovascular 
diseases, and diseases of the central nervous systém. It would be expected 
that these causes would share proportionately if the correct cause of death 
could be assigned. 

Unpublished data, show that Navajo age-specific death rates for all 
causes are substantially less among the older Navajos than recorded for 
all American Indians. While this fact suggests that the recording system 
was less efficient in identifying as Navajos some Indians dying in the older 
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ages, it is also consistent with the idea that this tribe is subject to different 
forces of mortality than are operating for Indians as a whole. 

Thus, though these data as they stand show a deficit for some forms of 
cancer among the Navajo, there is uncertainty about the true cause of 
death in a substantial portion of the older Navajos and some question as 
to accuracy of identification as Navajo among some of the elderly Indian 
dead. 

The question may also be raised as to whether some of the very large 
excess Navajo mortality certified as due to diseases of the respiratory and 
digestive systems (tables 2 and 3) was actually due to cancer. That 
this is unlikely is indicated by the fact that the excess is almost entirely 
limited to deaths in Navajos under 5 years of age. This is also true, 
though to a lesser degree, for the excess attributed to respiratory tubercu- 
losis. For this disease excess mortality occurred principally in those under 
45 years of age and was only moderate for those 45 and over. The excess 
charged to respiratory tuberculosis in the older ages, however, is great 
enough to account for the deficit of cancer of the lung, if a high proportion 
of them had been erroneously certified. 


Conclusion 


The data presented are consistent with the belief that the Navajo 
experience a deficit of cancer as a whole and, more specifically, of cancer 
of the breast, prostate, and lung. This apparent deficit of cancer cannot 
be regarded as an established fact, however, because of the high propor- 
tion (41%) of all deaths among those 45 years of age and older that were 
either unattended by a physician or were attributed to senility and other 
ill-defined causes and because of the fact that the age-specific death rates 
for all causes in the older Navajo are substantially less than the corres- 
ponding rates for all American Indians. It is clear, nevertheless, that the 
numbers of deaths which were unreliably certified as to cause are insuffi- 
cient to account for the combined deficit of cancer and diseases of the 
cardiovascular and the central nervous systems. 
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Virus of Avian Erythroblastosis. II. 
Influence of Host Age and Route of 
Inoculation on Dose-Response "? 


G. S. BEaupreav, R. A. Bonar, D. BEARD, and 
J. W. Bearp, Department of Surgery, Duke Univer- 
sity School of Medicine, Durham, North Carolina 


Host response to viruses may be influenced by many factors. Fre- 
quently, the patterns of response resulting from the impression of a given 
influence may serve as an aid in the characterization of a particular host- 
virus interaction. Some of the factors known to affect host response are 
the route of virus inoculation and the age of the host at the time of con- 
tact with the agent. Earlier studies have shown (/) marked effects of 
these factors on the induction of leukemia in chicks by the virus of avian 
myeloblastosis. A similar investigation has been made with the agent 
of another form of avian leukemia, the virus of erythroblastosis. It has 
been observed that, whereas the influence of route of inoculation affects 
host response essentially alike in both conditions, there is, as already indi- 
cated briefly (2), a large difference with respect to the effect of age. In 
myeloblastosis, host susceptibility decreases rapidly with age (1), while 
in erythroblastosis susceptibility, as measured by time from inoculation 
of the virus to death of the host, appears actually to increase with age. 
The results of these experiments on route of inoculation and age on host 
response to the virus of erythroblastosis are described in the present paper. 


Materials and Methods 


The virus employed in these, as in the earlier experiments (2) with 
erythroblastosis, was obtained in February 1955, from Dr. Astrid Fagraeus 
(State Bacteriological Laboratory, Stockholm) as a strain initially derived 
by Dr. J. Engelbreth-Holm (Department of Pathological Anatomy, Uni- 
versity of Copenhagen). The results of early passages of the agent in 
this country and the characteristics of the disease, which were practically 
identical with those found for erythroblastosis by Furth (3) and Engel- 
breth-Holm (4), have been described in a previous paper (2). No changes 
have occurred thus far in the manifestations of this leukemia. 

Virus for the present studies was that in the plasma of blood drawn 
by heart puncture from diseased birds into heparin (5). After removal 

' Received for publication February 22, 1956. 
3 This work was supported by a research grant to Duke University from the National Cancer Institute of the 


National Institutes of Health, U. 8. Public Health Service: from the American Cancer Society, on recommen- 
dation of the Committee on Growth; and by the Dorothy Beard Research Fund. 
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of the cells by centrifugation, first at 1,000 < g for 10 minutes and then 
at 1,500 X g for 20 minutes, the latter in collodion tubes, the plasmas 
in all instances were filtered with celite and passed afterward through 
Selas filters of 02 porosity (5). Dilutions for preparation of the respec- 
tive inoculums were made, as usual, with BSA-Simm’s solution (6). 

Donors of the plasmas were chosen on the basis of the concentration 
of primitive cells (erythroblasts) seen in routine blood smears taken at 
daily intervals. Bleeding was postponed until the birds were practically 
moribund or obviously within a few hours of death. It is not known 
whether this is the best sequence for obtaining the agent in the highest 
concentration. Selection of the donors could be made only in this manner, 
however, since the micro adenosinetriphosphatase reaction (7), so useful 
in the studies on myeloblastosis, could not be applied for preliminary 
estimation of virus concentration in the plasma in erythroblastosis. 

Measurement of virus infectivity was made by analyses based on the 
length of the period in days between inoculation of the virus and the time 
of death of the diseased host as described in an earlier report (2). As in 
the earlier work, deaths were recorded twice daily, at 11 a.m. and 11 
p.m. The analyses, however, were based, except in a few instances, on 
the daily count obtained at 11 p.m. The volumes of the inoculums were 
routinely 0.1 ml., and the test hosts were inbred White Leghorn chicks 
of line 15 (8) developed (9,10) at the Regional Poultry Research Labor- 
atory, East Lansing, Michigan. In the studies on route of inoculation, 
the chicks were 10 days old. Injections were made, as in the case of 
similar experiments (7) on the virus of myeloblastosis: 1) intravenously 
in the wing vein; 2) into the medullary canal of the tibia; 3) into the 
muscle of the leg; 4) into the peritoneal cavity; and 5) into the subcutane- 
ous tissue over the right breast muscle. 

The study on chicks of different ages was made in a single experiment 
with the same inoculums. The birds, hatched at intervals of 2 weeks 
between July 2 and September 10, 1955, were derived from eggs of the 
same laying flock kept at the laboratory. All the injections were made 
into the wing vein. 

Results 


Influence of route of inoculation on host response-—The data collected 
in two similar experiments of this category are given in table 1. In 
experiment 180, intravenous inoculations were made in 4 dose groups, 
and 2 dose groups were employed for each of the other routes. Three 
dose groups were inoculated intravenously in experiment 182 and 2 by 
each of the other routes, as in experiment 180. Each dose group con- 
sisted initially of 30 or 31 chicks, and the corrected number of birds 
inoculated was derived as already described (2). 

The results were analyzed in the usual way (2,6) by construction of 
the time-frequency distributions (accumulated positive inoculations 
transformed to probits and plotted against log latent period in days) of 
the responses in each dose group as illustrated in text-figure 1. Here are 
shown the distributions observed with 2 doses, 10-'” and 10-* ml. of 
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TABLE 1.—The response of 10-day-old chicks to the virus of erythroblastosis administered 
by different routes 























| [ | 
| Log dose | a | Median Median Total 
eo Route of | plasma | pager ns | log latent latent positive 
4Xpt. NO. | inoculation* hnaguiiad dt period period | 

| (ml) | ' | (days) (days) (percent) 

| 
IV | 169 | 30 | 0. 935 86 | 100 
IMed —1.69 | 28 | 0.958 9.08 | 100 
IMus | —1.69 | 30 1015 | 10.3 100 
IP —1.69 | 30 1.075 | 119 96. 6 
SC | -169 | 29 | 1110 | 129 93. 1 

180 IV | —2, 69 30 | 0.975 | 9. 44 100 
IV | —3.69 | 30 1055 | 11.3 | 866 
IMed | —3.69 | 26 1. 060 11.5 | 100 
IMus | —3.69 31 | Lill 129 | 936 
IP | —3. 69 27) | Rt R 55. 6 
SC | —3. 69 26 CO R R 80. 8 
IV |} —469 | 29 | 1.115 13. 0 100 
IV | -169 | 30 | 0.927 8.44 | 100 
IMed —1. 69 30 | 0.95 8.9 100 
IMus | —1.69 30 | 1.022 9. 58 100 
IP —1. 69 30 | 1.097 12.5 86. 7 
SC | —1.69 30 | 1.096 12.5 93. 3 
182 IV | —2. 69 30 | 410 10 | 100 

IV | —3.69 | 30 1. 037 10.9 | 100 
IMed | —3.69 | 30 0.982 | 9.58 | 100 
IMus | —3. 69 30 1. 125 13.3 | 80 
IP | —3.69 | 30 1. 170 148 | 70 
SC | -369 | 30 | 1.233 | 171 | 60 

| 1 u 








*IV=intravenous; [Med=medullary canal of tibia; IP=peritoneum; SC =subcutaneous tissue; and [Mus= 
muscle. 

+See reference (2). 

tR signifies abnormal patterns of response related to high levels of resistance. 


plasma, given by the different routes in experiment 180. In the previous 
study of the virus of erythroblastosis (2), such time-frequency distribu- 
tions were observed to be truncated, as in myeloblastosis (6), and the 
slopes of the linear distributions of the first limbs of the curves were 
essentially constant. Employing the value of the slope already reported 
(2), the reciprocal of the standard deviation—0.052, the lines were con- 
structed, graphically, through the points as illustrated. The lines through 
the points of the truncated portions of the limbs were drawn by sight. 

It is seen that with the larger dose, 10-'- ml. plasma, the distributions 
resulting from intravenous, intramedullary, and intramuscular inoculation 
were closely similar to those previously observed (2). However, a dif- 
ference was seen in the results with the inoculums given intraperitoneally 
and subcutaneously. In these cases, the observed relations, although essen- 
tially linear in the first portions (i.e., in the regions of less than about 70% 
positive inoculations), deviated from the common slope rather markedly 
for the material given subcutaneously. Truncation was slight, if it oc- 
curred at all, in these instances. Nevertheless, an estimate of host response 
suitable for the purposes of the experiment could be obtained by graphic 
construction of straight lines through the obviously linear portion of the 
relations as shown by the broken lines in text-figure 1. 
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TExtT-FIGURE 1.—Time-frequency distributions of the response of 10-day-old chicks 
to two different doses of erythroblastosis virus, administered by different routes of 
inoculation in experiment 180 (table 1). The continuous lines through the points 
were drawn with the slope constant for this agent in line 15 chicks. The broken 
lines were drawn for dose 10-!- ml. plasma given intraperitoneally and subcu- 
taneously as the best fit by sight. The responses to the inoculation of 10-3- ml. 


of plasma given into muscle, peritoneal cavity, and subcutaneous tissue were too 
low for analysis. 


With the dose 10-*-” ml. plasma, there was still greater deviation of the 
response to intraperitoneal and subcutaneous injections—so much so 
that the results were not employed for further analysis. The points ob- 
served with the respective routes of inoculation seen in text-figure 1 
clearly reveal the difference between responses to the amount of virus 
inoculated intraperitoneally and subcutaneously and that to the same 
dose given by the other routes. Greater conformity was observed in 
experiment 182, and all the data of that experiment were applicable to 
further analysis. 

From graphs such as those of text-figure 1 (2) the values of median log 
latent period were obtained (latent period at the level of 50% positive or 
probit 5). The resulting values are shown in relation to log dose, in ml., 
of plasma in text-figure 2, and the lines of slope, 0.054, constant for this 
virus in the host described (2), were fitted to the points by sight. The rela- 
tions indicate the differences in levels of host response to the agent inocu- 
lated by the different routes, as summarized in table 2. These values were 
obtained by calculations of potency differences from the relations of text- 
figure 2 and are expressed in terms of “relative resistance’’ of the host, 
employing the response to intravenous injection as unity. Except for a 
single grossly aberrant point (dose-group 107°” injected into the medullary 
canal in experiment 182), the results were uniform in revealing the extreme 
differences to be expected under the various conditions. As in the case of 
myeloblastosis, there was little difference between the intravenous and 
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intramedullary routes. The difference was about 10- to 20-fold with the 
intramuscular inoculation. It is notable that the findings with intra- 
venous, intramedullary, and intramuscular inoculations of the agent of 
erythroblastosis were practically identical with those observed (1) with 
the virus of myeloblastosis. Large differences between the two diseases, 
however, were seen in the findings with intraperitoneal and subcutaneous 
injections. In these instances the apparent relative resistance of the hosts 
was of two and three orders of magnitude greater, respectively, than that 
of chicks injected intravenously. This was a considerable divergence from 
the observations in myeloblastosis (1). 

Influence of age on host response.—The results of the experiment with 
chickens of 6 different ages, varying from 7 to 77 days, are summarized 
in table 3. Time-frequency distributions were constructed as for the 
findings with routes of inoculation. Inspection of the resulting graphs 
indicated, first, that the patterns of response were basically similar for 
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TEXT-FIGURE 2.—The relations of median log latent period in days to log dose of 
the virus of erythroblastosis given by various routes of inoculation in experiments 
180 and 182. The points with arrows directed upwards were indeterminate because 
of the low responses to intraperitoneal and subcutaneous inoculations. The lines 


were constructed graphically with the slope constant for the relationship in ery- 
throblastosis. 








TABLE 2.—Relative resistance of 10-day-old chicks to injection with the virus of 
erythroblastosis given by different routes 





: Relative resistance 
Route of inoculation 





Expt. 180 | Expt. 182} Average 





Intravenous 





Pr ittatae co alacate arta inal tie aiatch Siem aerate 1.0 1.0 1.0 
I, cece nnn oagcknbnchiawueee eel 1.8 0.5 1,2 
nd ook ee oe 19.8 24.5 22. 1 
EE a eee re 317 468 393 
Ce er ed 1, 300 1, 500 1, 400 
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all age groups and, consequently, there was no dependence of the nature 
of response on age. This corroborated previous evidence of the similarity 
of the responses of 10- and 54-day-old chicks. It has been evident in the 
present work, however, that although the relations exhibit the usual 
truncation and uniformity or constancy of the slopes of the first limbs, 
the time-frequency responses of the older chicks varied somewhat more 
than those of the younger ones. The variation occurred principally in 
the region of the earliest deaths. The data showed clearly, as substan- 
tiated by the total findings, that the older chicks were more susceptible 
to the agent and succumbed earlier than the younger birds. It was evi- 
dent, however, that despite the variation occurring in some of the dose 
groups of older birds, the data were entirely suitable for analysis by the 
usual methods. 


TaBLE 3.—The response of chicks of different ages to intravenous inoculation with the 
virus of erythroblastosis 








Age of Log dose Corrected* | Median log Median Total 
chicks plasma no. chicks | latent period | latent period positive 
(days) | (ml.) | inoculated | (days) (days) (percent) 
7 10-1 30 0. 905 8.04 | 96. 6 
21 10-1 31 0. 867 7.3 96. 8 
35 10-1 28 0. 882 7. 62 89. 3 
49 10-1 30 0. 840 6. 92 100 
63 10-1 29 0. 865 7. 32 | 86. 2 
77 10-1 30 0. 817 6. 63 100 
7 10-2 30 0. 985 9. 66 93. 3 
21 10-2 29 0. 981 9. 56 } 96. 6 
35 10-2 30 0. 961 9. 14 | 100 
49 10-2 30 0. 927 8. 45 | 100 
63 10-2 30 0. 940 8.7 90 
77 10-2 30 0. 922 8. 4 100 
7 10-8 30 1. 052 11.3 93. 3 
21 10-$ 30 1. 035 | 10.8 96. 6 
35 10-3 30 1. 032 10.8 93. 3 
49 10-3 30 0. 998 9, 95 96. 6 
63 10-3 30 1. 002 | 10.3 93. 3 
77 10-3 30 0. 995 9.9 96. 6 
7 10-4 30 1. 105 12.7 96. 6 
7 10-5 29 1. 172 14.9 79. 3 
| 














*See reference (2). 


Further evidence of the qualitative and quantitative aspects of the 
responses is obtained from the relations of log latent period to log dose, in 
ml., of plasma as shown in the graph of text-figure 3. The individual 
points represent the values of median log latent period for the respective 
dose groups of table 3. As indicated before (2), the relationship of median 
log latent period in days to log dose, in ml., of plasma containing the virus 
of erythroblastosis is linear and of constant slope. The present results 
reveal an exception, inasmuch as it is plain that the data obtained with 
the dose 10-' ml. of plasma are not linear with the values observed with 
the other doses. With this dose, the deviation is considerable toward a 
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relatively short latent period. It is probable that this unusual response 
was related to the potency of the virus preparation employed, which was 
more highly infectious than those previously studied. This can be seen 
by comparison of the latent periods following the’10~! ml. dose in this ex- 
periment with those observed for comparable volumes of plasma in the earlier 
studies [table 1 of (2)]. Since the data obtained with the other doses do 
conform to the relations previously established, straight lines were con- 
structed through these points. Those obtained with the 10! ml. dose 
have been indicated separately in the graph to show the deviations ob- 
served. The latter data were not included in these further analyses. 
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TEXT-FIGURE 3.—The relations of median log latent period in days to log dose of 
the virus of erythroblastosis inoculated intravenously in chicks of various ages in 
the same experiment. The lines were constructed graphically with the slope con- 
stant for these relations. The points not joined by the lines are those described 
in the text as deviating from the usual relations seen with this agent. 


The relationships of text-figure 3 clearly show a trend toward increas- 
ingly rapid response of the chick hosts to this virus with increase in age 
within the limits of the study. As can be seen from the values of median 
log latent period or median latent period in days in table 3, the results 
showed considerable uniformity, with the exception of the reversal between 
the 49- and 63-day-old groups. The reason for this was entirely obscure 
since there was no recognizable factor in the background of these chicks to 
explain the discrepancy. Nevertheless, it was evident that response was 
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related quantitatively to the age of the host to the extent indicated in 
table 4, as derived from the potency ratios of the linear relations of text- 
figure 3. From these values, there would appear to be no question that 
susceptibility to the agent of erythroblastosis increases progressively with 
increase in age, at least to the limit of 77 days. 


TABLE 4.—Relative susceptibility of chicks of different ages to the virus of erythroblastosis 
given intravenously 





Average 








: Relative 

Age weight of | ; 

chickens | ata 

(days) | (gm.) | 
7 45.3 | 1.0 
21 181 | 1.8 
35 272 2. 6 
49 577 12.9 
63 812 8.8 
77 998 15. 3 
Discussion 


As in the studies (/) on the virus of avian myeloblastosis, there has been 
observed in the present work a marked dependence of host response on 
route of inoculation with the agent of erythroblastosis. Indeed, the 
findings for the two diseases were closely similar. Host susceptibility was 
manifested at the highest level in association with intravenous administra- 
tion of the agent. Response to the intramedullary injections was slightly 
less, essentially identical with the difference in myeloblastosis. A still 
greater decrease was found with intramuscular injections, which was also 
in conformity with myeloblastosis. In contrast, very large differences 
were observed with intraperitoneal and subcutaneous injections, in com- 
parison to both the responses to erythroblastosis given by intravenous, 
intramedullary, and intramuscular routes, and to the responses obtained 
by the same routes (intraperitoneal and subcutaneous) employed for mye- 
loblastosis. In the latter disease, the factors of apparently higher re- 
sistance were 17.5 and 66.6, respectively, as compared with 393 and 1,400, 
table 2, for erythroblastosis given intraperitoneally and subcutaneously. 
This would appear to constitute a definite difference between the host- 
virus relationships which result in the induction of the two diseases. 

The significance of the deviation of the pattern of response to the agent 
given intraperitoneally and subcutaneously from that injected intra- 
venously is not entirely clear. In myeloblastosis it was judged that 
response to virus administered by these routes was essentially that to be 
expected from commensurately smaller quantities of agent injected intra- 
venously. It now seems unlikely that this is the whole explanation; 
instead, it would appear that, although some virus given other than 
intravenously is sieved out and lost, the data are more fully interpreted as 
due in part to retarded absorption-and-presentation of the agent to the 
cellular elements affected in both leukemic conditions. 
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The outcome of the experiments with chicks of different ages was of 
much interest on both fundamental and practica! grounds. Although it 
would not be justifiable to emphasize the precision of the results, it is quite 
clear that the susceptibility of the host chicks to infection with the virus 
of erythroblastosis and to the development and lethal outcome of the 
disease does not decrease with age to 77 days. On the contrary, there is 
definite evidence in the series that susceptibility to the course of the 
process actually increases. This response is essentially opposite that (/) 
in myeloblastosis, in which susceptibility decreases progressively with in- 
crease in age. It should be emphasized that the studies on both diseases 
were made in the same strain of White Leghorn chicks, the inbred line 15. 
Earlier, it was noted (2) that in their pathologic manifestations, erythro- 
blastosis and myeloblastosis have shown no evidence of overlapping or 
mixture when the vehicle of experimental transmission is filtered virus, as 
employed in this laboratory. Dose-response is, likewise, characteristic 
in each condition, as are other phenomena—the low concentration of virus 
particles in the blood plasma and the lack of adenosinetriphosphatase ac- 
tivity by the micro-screening test (7), already reported (2). The present 
findings constitute an additional basis of distinction between these avian 
leukemias. The results also raise questions of fundamental interest per- 
taining to the nature and locus of activity of the factors concerned with 
resistance and susceptibility to the agent or agents of erythroblastosis and 
myeloblastosis. Discussion of these aspects of the problem will be post- 
poned until more has been learned about the etiologic relationships of the 
conditions. 

That host resistance to infection with the virus of erythroblastosis 
decreases with increasing age is of much practical importance for investi- 
gation of the disease. Older chicks can be employed for titration and 
bioassay of the agent. Birds 2 to 3 weeks of age are suitable for large- 
scale handling and housing and are much more easily injected intraven- 
ously than the 3-day-old ones used in myeloblastosis. Furthermore, 
experience has shown that dose groups of 2 or, occasionally, 3 different 
ages hatched at weekly intervals (total age difference 2 weeks) can be 
used in a single experiment by proportioning these birds according to age 
in the various dose groups. A great advantage is the possibility of experi- 
ments on vaccination; in myeloblastosis natural resistance increases so 
greatly during a vaccination period that the final test for acquired resist- 
ance would be difficult. This is not a problem in erythroblastosis. In 
addition, large birds can be employed as a source of plasma contaiing 
the agent of erythroblastosis rather than the very small ones which must 
be used in myeloblastosis. 


Summary 


Studies have been made on the influence of route of inoculation and host 
age in the dose response of chicks to the virus of erythroblastosis. Employ- 
ing the response to the agent given intravenously as unity, the virus is less 
effective given into the medullary canal of the tibia, into the muscle, 
into the peritoneum, and into the subcutaneous tissues, by factors of 1.2, 
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22.1, 393, and 1,400. These results are qualitatively similar to those 
obtained in previous experiments with the virus of myeloblastosis. The 
experiments concerned with age were made with chicks 7, 21, 35, 49, 63, 
and 77 days old. There was observed a progressive increase in suscept- 
ibility with increase in age within the limits of the age range investigated. 
This was contrary to the findings in myeloblastosis, in which a progressive 
decrease in susceptibility was found with increase in age. The implications 
of these findings were discussed. 


References 


(1) Eckert, E. A., Bearp, D., and Bearp, J. W.: Dose-response relations in experi- 
mental transmission of avian erythromyeloblastic leukosis. V. Influence of 
host age and route of virus inoculation. J. Nat. Cancer Inst. 15: 1195-1207, 
1955. 

(2) — : Virus of avian erythroblastosis. I. Titration of infectivity. J. Nat. 
Cancer Inst. 16: 1099-1120, 1956. 

(3) Furrsa, J.: Erythroleukosis and the anemias of the fowl. Arch. Path. 12: 1-30, 
1931. 

(4) ENGELBRETH-HoLM, J.: Spontaneous and Experimental Leukaemia in Animals. 
London, Oliver & Boyd, Ltd., 1942, pp. 245. 

(6) Mommarrts, E. B., Saarp, D. G., Eckert, E. A., BEarp, D., and Brarp, J. W.: 
Virus of avian erythromyeloblastic leukosis. I. Relation of specific plasma 
particles to the dephosphorylation of adenosine triphosphate. J. Nat. Cancer 
Inst. 14: 1011-1025, 1954. 

(6) Eckert, E. A., Bearp, D., and BEarp, J. W.: Dose-response relations in experi- 
mental transmission of avian erythromyeloblastic leukosis. III. Titration of 
the virus. J. Nat. Cancer Inst. 14: 1055-1066, 1954. 

GREEN, I., Bearp, D., Eckert, E. A., and Bearp, J. W.: Quantitative aspects of 
micro ATPase measurements on plasma from chicks with erythromyeloblastic 
leukosis. Proc. Soc. Exper. Biol. & Med. 85: 406-409, 1954. 

(8) Ecxert, E. A., Waters, N. F., Burmester, B. R., Bearp, D., and Brearp, J. W.: 
Dose-response relations in experimentai transmission of avian erythromyelo- 
blastic leukosis. IV. Strain differences in host-response to the virus. J. Nat. 
Cancer Inst. 14: 1067-1080, 1954. 

(9) Waters, N. F.: Breeding for resistance and susceptibility to avian lymphoma- 
tosis. Poultry Se. 24: 259-269, 1945. 

: Mortality from lymphomatosis and other causes among inbred lines of 

White Leghorns. Poultry Se. 30: 531-545, 1951. 





(7 


~ 


(10) 





U. S. GOVERNMENT PRINTING OFFICE: 1986 





The Journal of the National Cancer Institute is published monthly by the National 
Cancer Institute of the National Institutes of Health, Bethesda, Md. Twelve issues are 
published each year in two volumes, beginning with number 1 in July and January. The 
Journal publishes original observations and investigations in laboratory and clinical 
research in cancer. Manuscripts are considered for publication with the understanding 
that they have not been published previously. 

Publication is not limited to members of the National Cancer Institute or to those whose 
work is supported by Government funds. Manuscripts should be submitted to the Journal 
of the National Cancer Institute, National Cancer Institute, Bethesda 14, Md. 


Suggestions to Authors 


1. Submit an original and two carbon copies of the manuscript. Follow the style 
of a recent copy of the Journal, especially for illustrations, references, and tables. 
The latest edition of Webster’s International Dictionary is followed in matters of 
spelling, capitalization, punctuation, compounds, and hyphenation. Current medical 
dictionaries and Chemical Abstracts are usually followed for medical and chemical 
terms. Type material double spaced. 

2. In the by-line, include the name of the institution with which each author is 
connected. Official title or academic degree is optional. 

3. Begin each page with a new paragraph; 7.e., each page should contain one or 
more complete paragraphs, and no paragraph should carry over from one page to the 
next unless it is longer than a full page. Do not begin a new paragraph on a page 
carrying a run-over paragraph. This is a requirement of the Government Printing 
Office. 

4. Insert each footnote in the text immediately after the line in which it is mentioned. 

5. Type each table on a separate page, to be the page immediately following the 
paragraph in which the table is first mentioned. 

6. Graphs, charts, and drawings are printed in the text and referred to as text- 
figures. Legends for text-figures should be included in the text immediately following 
the paragraph in which the text-figure is first mentioned. A drawing three times the 
size of that desired for the final figure is preferable. The lettering should be uniform 
and of such size that in the reproduction it will be approximately the same size as 
that of the printed type used in the text. The original drawings reproduce best and 
are therefore preferable. If two additional copies (photostats, etc.) of each drawing 
are also submitced, review of the manuscript is expedited. 

7. Photographs are printed together at the end of each article, as plate pages. 
The maximum size for each printed plate page is 5% by 8 inches, and the photographs 
should be combined into as few plates as possible. Photographs should be submitted 
either in the exact size, or exactly double the size, of the final printed reproduction. 
Mount the photographs for each plate together on one piece of heavy cardboard. 
Number each photograph consecutively. Type the legends for each plate on a 
separate page. If, in addition, two unmounted duplicate prints of each photograph 
are also submitted, review of the manuscript will be expedited. 


Published by the U. S. Department of Health, Education, and Welfare in accordance 
with section 220, title 44, U. S. Code 


Approval by the Director of the Bureau of the Budget for the printing of this 
publication expires on 18 August 1957 


UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1956 


For sale by the Superintendent of Documents, U. S. Government Printing Office 
Washington 25,D.C. - Price per copy $2.00. 


Subscription price for two volumes per year in the United States, Canada, and Mexico, $20.00; foreign, $25.00. 





CONTENTS 


JOURNAL OF THE NATIONAL CANCER INSTITUTE e@ VOL. 17 - NO.1 - JULY 1956 





Experiments on an ascites hepatoma. III. The conversion of mouse hepato- 
mas into the ascites form. Haruo Sato, Morris Belkin, and Edward Essner. 


The role of graft and host vessels in the vascularization of grafts of normal 
and neoplastic tissue. Ruth M. Merwin and Glenn H. Algire 


The influence of sex on isologous skin grafting in the mouse. Richmond T. 
Prehn and Joan M. Main 


Quantitative studies on the multiplication of neoplastic cells in vivo. III. 
Metabolic stability of deoxypentose nucleic acid and the use of labeled 
tumor cells for the measurement of growth curves. Lédszl6 Révész, Arne 
Forssberg, and George Klein 


A method of freeze-drying and its use in histochemistry and pathology. . S. 
Burstone. . 


Some biochemical differences in normal and tumor tissue (sarcoma 180) of 
mice: Amino acid composition. M.N. Mickelson and Louis Barvick 


Recorded and expected mortality among the Navajo, with special reference to 


cancer. Robert L. Smith, Clarence G. Salsbury, and Alexander G. Gilliam 


Virus of avian erythroblastosis. II. Influence of host age and route of inocu- 
lation on dose-response. G. S. Beaudreau, R. A. Bonar, D. Beard, and J. W. 
Beard 








